‘ " life.augmented

ULN2801A, ULN2802A,
ULN2803A, ULN2804A

Eight Darlington arrays

DIP-18

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

Datasheet - production data

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
kQ input resistor and Zener for 14-25 V PMOS;
the ULN2803A has a 2.7 kQ input resistor for 5 V
TTL and CMOS; the ULN2804A has a 10.5 kQ
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.

Table 1. Device summary

Order codes Package
ULN2801A
ULN2802A
DIP-18
ULN2803A
ULN2804A
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ULN2801A, ULN2802A, ULN2803A, ULN2804A

Diagram

1 Diagram

Figure 1. Schematic diagrams
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Pin configuration ULN2801A, ULN2802A, ULN2803A, ULN2804A

2 Pin configuration

Figure 2. Pin connections (top view)
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ULN2801A, ULN2802A, ULN2803A, ULN2804A

Maximum ratings

3 Maximum ratings
Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
Vo Output voltage 50 \%
V| Input voltage (for ULN2802A - ULN2803A - ULN2804A) 30 \%
Ic Continuous collector current 500 mA
Ig Continuous base current 25 mA
Power Dissipation (one Darlington pair) 1
Pror — w
Power Dissipation (total package) 2.25
Ta Operating ambient temperature range -20to 85 °C
Tsto Storage temperature range -55to 150 °C
T; Junction temperature -20 to 150 °C
Table 3. Thermal data
Symbol Parameter Value Unit
Rihia Thermal resistance junction-ambient 55 °C/IW

3
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Electrical characteristics ULN2801A, ULN2802A, ULN2803A, ULN2804A

4 Electrical characteristics

Ta = 25 °C unless otherwise specified.

Table 4. Electrical characteristics

Symbol Parameter Test condition Min. Typ. | Max. | Unit
Vg = 50V
Tpo=70°C, Vcg =50V (Figure 3) 50
lcex | Output leakage current Tp =70°C for ULN2802A, Vce =50V, 100 | MHA
V, =6V (Figure 4)
Tp = 70°C for ULN2804A, Vg =50V, 500
V, =1V (Figure 4)
Ic =100 mA, Ig = 250 pPA 0.9 1.1
Collector-emitter saturation _ _
VCE(SAT) voltage (Figure 5) IC =200 mA, lB =350 IJA 1.1 1.3 \Y
Ic =350 mA, Iz =500 pA 1.3 1.6
for ULN2802A, V, =17V 0.82 | 1.25
for ULN2803A, V,=3.85 V 0.93 | 1.35
liony | Input current (Figure 6) mA
for ULN2804A, V, =5V 035 ] 05
vi=12Vv 1 | 1.45
liorr) | INput current (Figure 7) Tao=70°C, Ic =500 pA 50 65 HA
Vce= 2V, for ULN2802A
Ic =300 mA 13
for ULN2803A
Ic =200 mA 2.4
Ic =250 mA 2.7
Vion) | Input voltage (Figure 8) Ic =300 mA 3 \%
for ULN2804A
Ic =125 mA 5
Ic =200 mA 6
Ic =275 mA 7
Ic =350 mA 8
h DC Forward current gain for ULN2801A, Ve =2V, 1000
FE | (Figure 5) Ic =350 mA
C Input capacitance 15 25 pF
tpiy | Turn-on delay time 0.5V,t0 0.5Vq 0.25 1 ps
tpyL | Turn-off delay time 0.5V,t0 0.5Vq 0.25 1 ps
| Clamp diode leakage current |VR=50V =0 uA
R .
(Figure 9) Ta=70°C,Vg=50V 100
Clamp diode forward voltage _
Vg (Figure 10) Ir =350 mA 1.7 2 \Y
6/14 DoclD1536 Rev 4 Kys




ULN2801A, ULN2802A, ULN2803A, ULN2804A

Test circuits

5 Test circuits

Figure 3. Output leakage current
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Figure 5. Collector-emitter saturation voltage
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Test circuits

ULN2801A, ULN2802A, ULN2803A, ULN2804A

Figure 9. Clamp diode leakage current

Figure 10. Clamp diode forward voltage
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ULN2801A, ULN2802A, ULN2803A, ULN2804A

Typical performance characteristics

6 Typical performance characteristics

Figure 11. Collector current as a function of
saturation voltaget
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Figure 12. Collector current as a function of
input current
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Figure 13. Allowable average power dissipation
as a function of Ty
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Figure 14. Peak collector current as a function
of duty cycle
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Typical performance characteristics

ULN2801A, ULN2802A, ULN2803A, ULN2804A

Figure 15. Peak collector current as a function
of duty cycle
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Figure 16. Input current as a function of input
voltage (for ULN2802A)
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Figure 17. Input current as a function of input
voltage (for ULN2804A)
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Figure 18. Input current as a function of input
voltage (for ULN2803A)
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ULN2801A, ULN2802A, ULN2803A, ULN2804A Package mechanical data

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.
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Package mechanical data

ULN2801A, ULN2802A, ULN2803A, ULN2804A

Table 5. DIP-18 mechanical data

mm.
Dim.
Min. Typ. Max.
al 0.254
B 1.39 1.65
0.46
bl 0.25
23.24
8.5
e 2.54
e3 20.32
F 7.1
| 3.93
3.3
z 1.27 1.59
Figure 19. DIP-18 package dimensions
= —
— b
b B E
e3 Z
D
[T T T PTPr rrryrlri
B »
[T
1 9

HEEREREREEEREEEEEN

DoclD1536 Rev 4

)




ULN2801A, ULN2802A, ULN2803A, ULN2804A Revision history

8

3

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: Ij oy test condition in Table 4: Electrical characteristics.
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ULN2801A, ULN2802A, ULN2803A, ULN2804A

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.

© 2018 STMicroelectronics — All rights reserved

)
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TOSHIBA

TC74HC373AP/AF

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

e High speed: tpd = 11 ns (typ.) at Vec =5V

e Low power dissipation: Icc = 4 pA (max) at Ta = 25°C

e High noise immunity: VNIH = VNIL = 28% V¢¢ (min)

e Output drive capability: 15 LSTTL loads

¢ Symmetrical output impedance: |IoH| = I0L = 6 mA (min)
¢ Balanced propagation delays: tpLH =~ tpHL

e Wide operating voltage range: V¢ (opr) =2to 6 V

e Pin and function compatible with 74L.S373

Pin Assignment

OF 10 ~ D20 ve
Q0 2 119 Q7
DO 3 [ 118 D7
D1 4[] 117 D6
Q1 5[ 116 Q6
Q2 6 [ 115 Q5
D2 7 1 14 D5
D3 8 [ 113 D4
Q3 9 [ 112 Q4
GND 10 111 LE
(TOP VIEW)

TC74HC373AP

DIP20-P-300-2.54A
TC74HC373AF

SOP20-P-300-1.27A

Weight
DIP20-P-300-2.54A :1.30 g (typ.)
SOP20-P-300-1.27A :0.22 g (typ.)
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TOSHIBA TC74HC373AP/AF

IEC Logic Symbol

TGN pr
-1 =
o T o v H2ao
D2 _(l)_ _(g)_QZ
D3 Q)_ Jﬂ_Q3
pa 13) | ._Q2LQ4
ps 14| _(E)_Q
D6 ﬂL MQG
py 18| _(1_9)_Q7
Truth Table
Inputs Output
OE | LE D Q
H X X z
L L X Qn
L H 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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TOSHIBA TC74HC373AP/AF
Absolute Maximum Ratings (Note 1)
Characteristics Symbol Rating Unit
Supply voltage range Vce -0.5t07 \%
DC input voltage VIN -0.5to Ve +0.5
DC output voltage VouT -0.5to Ve + 0.5 \%
Input diode current ik +20 mA
Output diode current lok +20 mA
DC output current louT +35 mA
DC V¢c/ground current Icc +75 mA
Power dissipation Pp 500 (DIP) (Note 2)/180 (SOP) mwW
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 Vee 2t06

Input voltage VIN 0to Vee

Output voltage VouT 0toVce

Operating temperature Topr —40 to 85 °C
0 to 1000 (Vcc =2.0V)

Input rise and fall time tr, tf 010500 (Vcc=4.5V) ns
0 to 400 (Vcc=6.0V)

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.

2007-10-01



TOSHIBA TC74HC373AP/AF

Electrical Characteristics

DC Characteristics

Ta=
Test Condition Ta=25°C o
Characteristics Symbol —40 to 85°C Unit
Vee (V)| Min Typ. Max Min Max
2.0 1.50 — — 1.50 —
High-level input ViH _ 45 3.15 — — 3.15 — \%
voltage
6.0 4.20 — — 4.20 —
2.0 — — 0.50 — 0.50
Low-level input v o 45 o o 135 o 135 v
voltage IL ' ’ ’
6.0 — — 1.80 — 1.80
2.0 1.9 2.0 — 1.9 —
loH =-20 uA 4.5 44 4.5 — 44 —
High-level output VIN
voltage VoH =V|qorV|L 60 59 60 _ 59 _ v
loH=-6 mA 45 4.18 4.31 — 413 —
loH=-7.8 mA 6.0 5.68 5.80 — 5.63 —
2.0 — 0.0 0.1 — 0.1
loL =20 pA 4.5 — 0.0 0.1 — 0.1
Low-level output VIN
voltage VoL —Vy or ViL 6.0 — 0.0 0.1 — 0.1 Vv
loL=6 mA 4.5 — 0.17 0.26 — 0.33
loL=7.8 mA 6.0 — 0.18 0.26 — 0.33
VIN=VIHorV
ko I M 60 | — | — o5 | — |0
- VouTt = Vcc or GND
Input leakage _
current IIN VIN = Ve or GND 6.0 — — +0.1 — +1.0 pA
Quiescent supply a
current lcc VIN = Ve or GND 6.0 — — 4.0 — 40.0 pA
Timing Requirements (input: t; = t; = 6 ns)
Ta=
Test Condition Ta=25°C -40 to
Characteristics Symbol 85°C Unit
Vee (V) Typ. Limit | Limit
2.0 — 75 95
Minimum pulse width 45 15 19
tw (H) — . — ns
(LE)
6.0 — 13 16
2.0 — 50 65
Minimum set-up time 45 10 13
ts — . — ns
(Dn)
6.0 — 9 11
2.0 — 5 5
Minimum hold time 45
th — . — 5 5 ns
(Bn) 6.0 5 5

4 2007-10-01



TOSHIBA TC74HC373AP/AF

AC Characteristics (input: t, =t = 6 ns)

Ta=
Test Condition Ta=25°C o
Characteristics Symbol —40 to 85°C Unit
CL (pF) |Vce (V)| Min Typ. Max Min Max
2.0 — 20 60 — 75
o tTLH
Output transition time — 50 45 — 6 12 — 15 ns
tTHL
6.0 — 5 10 — 13
2.0 — 42 125 — 155
50 4.5 — 14 25 — 31
Propagation delay
time tpLH - 6.0 — 12 21 — 26 -
(LE-Q) tpHL 2.0 — 57 175 — 220
150 4.5 — 19 35 — 44
6.0 — 16 30 — 37
2.0 — 42 125 — 155
50 4.5 — 14 25 — 31
Propagation delay
time toLH B 6.0 — 12 21 — 26 o
(D-Q) toHL 2.0 — 57 175 — 220
150 4.5 — 19 35 — 44
6.0 — 16 30 — 37
2.0 — 39 125 — 155
50 4.5 — 13 25 — 31
tpzL 6.0 — 11 21 — 26
Output enable time RL=1kQ ns
tpzH 2.0 — 54 175 — 220
150 4.5 — 18 35 — 44
6.0 — 15 30 — 37
2.0 — 30 125 — 155
tpLz
Output disable time P RL=1kQ 50 45 — 14 25 — | 31 ns
tpHz
6.0 — 13 21 — 26
Input capacitance CIN — — 5 10 — 10 pF
Output capacitance CouTt — — 10 — — — pF
issipati CpD
Power_ dissipation o o 38 o o o oF
capacitance (Note)

Note:  Cpp 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) =Cpp-Vce-fiN + Icc/8 (per latch)
And the total Cpp when n pcs. of latch operate can be gained by the following equation:

Cpp (total) = 22 + 16-n

5 2007-10-01



TOSHIBA TC74HC373AP/AF

Package Dimensions

DIP20-P-300-2.54A Unit : mm
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Weight: 1.30 g (typ.)
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TOSHIBA TC74HC373AP/AF

Package Dimensions

SOP20-P-300-1.27A Unit: mm
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Weight: 0.22 g (typ.)
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TOSHIBA TC74HC373AP/AF

RESTRICTIONS ON PRODUCT USE

20070701-EN GENERAL

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

e 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.

e 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.

e 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.

e 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.

e 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.
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TECHNICAL DATA MC68705R3

Technical Summary
8-Bit EPROM Microcontroiler Unit

The MC68705R3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family
of microcontrollers. The user programmable EPROM allows program changes and lower volume
applications. This low cost MCU has parailel | O capability with pins programmable as input or out-
put. This publication contains condensed information on the MCU: for detailed information, refer to
ME805 HMQS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto-
rola sales office.

Refer to the block diagram for the hardware features and to the list below for additional features
available on the MCU.

® Internal 8-Bit Timer with 7-Bit ® \Vectored Interrupts
Programmabte Prescaler ® Bootstrap Program in ROM

e On-chip Oscillator ® 112 Bytes of RAM

& Memory Mapped | O ® 3776 Bytes of Eprom

® Versatile interrupt Handling ® 2410 Pins

e Bit Manipulation ® 4-Channel Analog-to-Digital

® Bit Test and Branch Instruction Converter

BLOCK DIAGRAM

XTAL  EXTAL RESET Vpp INT

Twner/
TIMER Prescaler CO':"‘:""
? 8
Timer Control Osciliator
| ]
PAD < I
PA) <t Accumulator —~ § 2 AMI\:JI(;Q
P:n PA2«—4 Port Data cru S
PM?—, - O Control NT3 A A4
o~ PM<—-> Res Reg N p— POO/ AND
. FA5<—>‘ P+ PD1/ANY
o ‘ PD2/AN2 Port
P PD3/AN3 D
PD4/VRy input
CPU PD5/vgy Lines
PD6/INT2
PBO -3 P07
Port b rY vy
;" Pez Port Data Port D
vo roa . o \g Input
PB4 @31 o, Reg ALU
Lines  pps <3
PB6
P87 bt—> PCO
l—-pPC1
) g Port
D P [« pC2
1 Da'l'a 8" l«—>»pc3 C
M12x8 Reg | Reg [®PC8 VO
RAM le—>PC5 Lines
— PCH
fe—»pC?

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC68705R3

SIGNAL DESCRIPTION

Vce AND Vss

Power is supplied to the microcontroller using these
two pins. Ve is +5.25 volts (+0.53) power, and Vsg is
ground.

Vep
This pin is used when programming the EPROM. in
normal operation, this pin is connected to VCC.

INT
This pin provides the capability for asynchronously ap-

plying an external interrupt to the MCU. Refer to INTER-
RUPTS for more detailed information.

EXTAL, XTAL

These pins provide control input for the on-chip clock
oscillator circuit. A crystal, a resistor/capacitor combi-
nation, or an external signal {(depending on mask option

C1
L
EXTAL ! Rs CTAL
5 o 6
T4
LAY
AT — Cut Paraliel Resonance Crystal
Co=7 pF Max

Freq.=4.0 MHz @ Cp =24 pf

Rg = 50 ohms Max
Piezoelectric ceramic resonators which
have the equivalent specifications may be
used instead of crystal oscillators. Foliow
ceramic resonator manufacturer's sug-
gestions for Cg, Cq., and Rg values.

XTAL
= MCU

Externa 5] EXTAL ({Crystal Option,
Clock See Note 1)
input

External Clock

NOTES:

M
EXTAL  (RC Option,
See Note 1}

register setting) is connected to these pins to provide a
system clock.

RC Oscillator

With this option, a resistor is connected to the oscillator
pins as shown in Figure 1. The relationship between R
and fgge is shown in Figure 2.

Crystal

The circuit shown in Figure 1 is recommended when
using a crystal. The crystal and components should be
mounted as close as possible 1o the input pins to mini-
mize output distortion and startup stabilization time. Re-
fer to ELECTRICAL SPECIFICATIONS for Vcc
specifications.

External Clock

An external clock should be applied to the EXTAL input
with the XTAL input connected to V§g, as shown in Fig-
ure 1. This option may only be used with the crystal
oscillator option selected in the mask option register.

1SeeNote 20 220 MCU
5| EXTAL (Crystal Option,

See Note 1)

Crysta:

Ccu MCu
{RC Option,

See Note 1)

S| EXTAL
No
Connection

Approximately 256% to 50% Accuracy
Typical teyc=1.25 ps
External Jumper

Approximately 10% to 26% Accuracy
{Excludes Resistor Tolerance!
External Resistor

3

1. For the MC68705R3 MOR b7 =0 for the crystal option and MOR b7 =1 for the RC option. When the TIMER input pin is in the
VIHTP range (in the bootstrap EPROM programming maode), the crystal option is forced. When the TIMER input is at or below
V¢, the clock generatar option is determined by bit 7 of the mask optian register {CLK).

2. The recommended C| value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is
an internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used.

Figure 1. Oscillator Connections
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80

7.0
E

60
s vee=525V
550k Ta=25°C
§
a
g 40
£
5 30fF
=
T 20¢
3
S

10

0 1 1 1 i 1 1
Q 10 20 30 ac 5 70 80
Resistarce «fl
Figure 2. Typical Frequency vs Resistance for
RC Oscillator Option Only

TIMER

This pin is used as an external input to control the
internal timer counter circuitry. This pin also detects a
higher voltage level used to initiate the bootstrap pro-
gram.

RESET

This pin has a Schmitt trigger input and an on-chip
pullup. The MCU can be reset by pulling RESET low.

INPUT/OUTPUT LINES {PAC-PA7, PBO-PB7, PCO-PC7, PDO-
PD7)

These 32 lines are arranged into four 8-bit ports ‘A. 8,
C, and D). Ports A, B, and C are programmable as e:tner
inputs or outputs under software controf of the data a -
rection registers. Port D is a fixed input port. it has up to
four analog inputs, plus two voltage reference inputs when
the analog-to-digital converter is used (PD5VRR, PD4
VRL). and an INT2 input. Port D lines can be read directly
and used as binary inputs. If an analog input is used, then
the voltage reference pins must be used in the analog
mode. Refer to PROGRAMMING for additional informa-
tion.

PROGRAMMING

INPUT/QUTPUT PROGRAMMING

Ports A, B, and C are programmable as either input or
output under software control of the corresponding data
direction register {DDR). Port D lines are input only. The
port IO programming is accomplished by writing the
corresponding bitin the port DDR to a logic one for output
and a fogic zero for input. On reset, all the DDRs are
initialized to a logic zero state to put the ports in the input
mode. The port output registers are not initialized on
reset and should be written to before setting the DDR
bits.

When programmed as outputs, the latched output data
is readable as input data regardless of the logic levels at
the output pin due to output loading. The latched output
data bit may always be written. Therefore, any write to
a port writes all of its data bits, even though the port DDR
is set to input. This port write may be used to initiaiize
the data registers and avoid undefined outputs. Care must
be exercised when using read-modify-write instructions
since the data read corresponds to the pin level if the
DDR is an input (zero) and, also, to the latched output
when the DDR is an output (one). Refer to Table 1 for I/
O functions and to Figure 3 for typical port circuitry.

Table 1. VO Pin Functions

Data Latched l
Direction Output i Input
Register Data | Output To
Bit Bit State MCu
0 0 i 0
° 1 1 : 1
[y X Hi-Z** Pin

Port D provides reference voltage and multiplexed an-
alog inputs. The VR and VRH lines are internally con-
nected to the A D resistor. Port D can always be used as

Data
»—1 Direction Register
Bit*
38 Latched
58 Qutput
22 Data
=5 it
o
S
-y

N

Ou‘y““ -

170
NJ

*DDR is a write-only register and reads as all “'1s”

Figure 3. Typical Port VO Circuitry and
Register Configuration
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digital inputs, but for analog inputs, VR4 and VR must
be connected to the appropriate reference voltage.

NOTE

~Read-modify-write instructions should be not used
when writing to DDRs always read as ‘one’.

MEMORY

The MCU is capable of addressing 4096 bytes of mem-
ory and I/O registers. The memory map is shown in Figure
4. The locations consists of user EPROM, bootstrap ROM,
user RAM, a mask option register (MORY}, a program con-
trol register, miscellaneous register, A/D control regis-
ters, and /0. The interrupt vectors are located from $FF8
to $FFF. The bootstrap is a mask-programmed ROM that
allows the MCU to program its own EPROM.

The stack area is used during processing of aninterrupt
or subroutine call to save the CPU state. The stack painter
decrements during pushes and increments during pulls.
Refer to INTERRUPTS for additional information.

NOTE

Using the stack area for data storage or temporary
work locations requires care to prevent it from being

REGISTERS

The MCU contains the registers described in the fol-
lowing paragraphs.

ACCUMULATOR (A)

The accumulator is a general purpose 8-bit register

used to hold operands and results of arithmetic calcu-

lations or data manipulations.
7

INDEX REGISTER (X)

The index register is an 8-bit register used for the in-

dexed addressing mode. It contains an 8-bit value that

may be added to an 8- or 16- bitimmediate value to create

an effective address. The index register may also be used

as a temporary storage area.
7

PROGRAM COUNTER (PC)

The program counter is a 12-bit register that contains
the address of the next byte to be fetched.

" 8 7 0

overwritten due to stacking from an interrupt or [ o bt
subroutine call.
7 0 7 6 54 3 2 10
000
1/0 Ports $000 0 Port A Data Register $000
Page Zero Timer 1 Port B Data Register $001
Access With RAM
Short 127 {128 Bytes} $07F 2 Port C Data Register $002
Instructions 128 Page Zero $080 3 Port D Data Register $003
User EPROM
255 {128 Bytes) $SOFF 4 Part A DDR* $004*
256 $100 5 Port B DDR* 5005+
-
User 6 Port C DDR $006*
Main 7 Not Used $007
{35?80::'95) 8 Timer Data Register $008
9 Timer Control Register $009
5 $F37 10 Miscellaneous Register | $00A
3896 Mask Option Register $F38 11 | Program Controi Register| $008
3897 $F39
3967 Not Used SFIE 12 Not Used $00C
3068 Bo:és'uap $F80 13 Not Used $00D
4087 {120 Bytes) $FF7 14 A/D Control Register S00F
SFF8
4068 Timer interrupt 15 A/D Register $OOF
4089 __ _] srro $010
a0 [C T T~ $FFA 16 RAM
Ext () t
Interrupt § 4091 | _x e-r_na-meiup_ _| sFrB (112 Bytes)
Vectors | 4092 swi $FFC
093 SFFD Stack
wu - =1 sFre (31 Bytes Maximuml
4095 Reset
SFFF 127 f $O7F

*Caution: Data direction registers (DDRs) are write-only; they read as $FF

Figure 4. Memory Map
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STACK POINTER (SP)

The stack pointer is a 12-bit register that contains the
address of the next free location on the stack. During an
MCU reset or the reset stack pointer (RSP} instruction,
the stack pointer is set at location $07F. The stack pointer
is then decremented as data is pushed onto the stack and
incremented as data is pulled from the stack.

The seven most-significant bits of the stack pointer are
permanently set at 0000011. Subroutines and interrupts
may be nested down to location $061 (31 bytes maxi-
mum), which allows the programmer to use up to 15
levels of subroutine calis {less if interrupts are allowed).

1" 5r4 0
‘0’0%0\0[0]1‘1J SP

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register in which
four bits are used to indicate the results of the instruction
just executed. These bits can be individually tested by a
program, and specific actions can be taken as a resuit of
their state. Each bit is explained in the following para-

graphs.
4 0
nnnen
Half Carry (H}

This bit is set during ADD and ADC operations to in-
dicate that a carry occurred between bits 3 and 4.

Interrupt {I)

When this bit is set, the timer and external interrupt is
masked (disabled). If an external interrupt occurs while
this bit is set, the interrupt is latched and is processed as
soon as the interrupt bit is cleared.

Negative {N)
When set, this bit indicates that the result of the last

arithmetic, logical, or data manipulation was negative (bit
7 in the result is a logic 1).

Zero (2Z)

When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation was zero.

Carry/Borrow (C)

When set, this bit indicates that a carry or borraw out
of the arithmetic logical unit (ALU) occured during the
last arithmetic operation. This bit is also affected during
bit test and branch instructions, and during shifts and
rotates.

RESETS

The MCU can be reset two ways: by initial power-up
and by the external reset input (RESET). The RESET input
consists mainly of a Schmitt trigger that senses the line
logic level.

POWER-ON-RESET (POR)

An internal reset is generated on power-up that allows
the internal clock generator to stabilize. The power-on
reset is used strictly for power turn-on conditions and
should not be used to detect any drop in the power supply
voltatge. A delay of tgH{ milliseconds is required before
allowing RESET input to go high. Connecting a capacitor
to the RESET input (Figure 5} typically provides sufficient
delay.

Ve o> | 2
C—" N—t+—7

RESET 10 wF
=

(MCU)

“\_/_‘—"_"'\/

Figure 5. Power-Up RESET Delay Circuit

EXTERNAL RESET INPUT

__The MCU is reset when a logic zero is applied to the
RESET input for a period longer than one machine cycle
(teyc)- Under this type of reset, the Schmitt trigger switches
off at VIRES — to provide an internal reset voltage.

INTERRUPTS

The MCU can be interrupted four different ways: (1)
through the external interrupt INT input pin, (2) with the
internal timer interrupt request, (3) using the software
interrupt instruction (SWI), or (4) the external Port D (INT2)
input pin.

Interrupts cause the processor registers to be saved on
the stack and the interrupt mask {l bit) set to prevent
additional interrupts. The RT| instruction causes the reg-
ister contents to be recovered from the stack after which
normal processing resumes. The stacking arder is shown
in Figure 6.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted but are con-
sidered pending until the current instruction is complete.

NOTE

The current instruction is considered to be the one
already fetched and being operated on.

When the current instruction is complete, the processor
checks all pending hardward interrupts and, if unmasked
(I bit clear), proceeds with interrupt processing; other-
wise, the next instruction if fetched and executed. Masked
interrupts are latched for later interrupt service. If the
timer interrupt status bit is cleared before unmasking the
interrupt, then the interrupt is not latched.
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7 6 5 4 3 2 1 0 Pull
n—4 1 l 1 I 1 I Condition Code Register n+1
n-3 Accumulator n+2
n-2 Index Register n+3
IR PCH*® n+a
n PCL* n+5

Push

* For subroutine calls, onty PCH and PCL are stacked

Figure 6. Interrupt Stacking Order

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the ex-
ternal interrupt is serviced first. The SWI is executed the
same as any other instruction regardless of the setting
of the | bit. Refer to Figure 7 for the reset and interrupt
instruction processing sequence.

TIMER INTERRUPT

If the time mask bit (TCR6) is cleared, then, each time
the timer decrements to zero (transitions from $01 to $00),
an interrupt request is generated. The actual processor
nterrupt is generated only if the interrupt mask bit of the

condition code register (CCR) is also cleared. When the
nterrupt is recognized, the current state of the machine
s pushed onto the stack and the | bit in the CCR is set,
masking further interrupts until the present one is serv-
ced. The contents of the timer interrupt vector, contain-
ng the location of the timer interrupt service routine, is
snen loaded into the program counter. At the end of the
umer interrupt service routine, the software normally exe-
zutes an RTl instruction which restores the machine state
and starts executing the interrupted program. The timer
nterrupt status bit can anly be cleared by software.

EXTERNAL INTERRUPT

The external interrupt is i.:ternally synchronized and

=nen tatched on the falling edge of INT and INT2. Clearing
:ne | bit enabies the external interrupt. The INT2 interrupt
~as an interrupt request bit (bit 7) and a mask bit {bit 6)
~ the miscellaneous register (MR). The INT2 interrupt is
nhibited when the mask bit is set. The INT2 is always
-ead as a digital input on port D. The INT2 and timer
~terrupt request bits, if set, cause the MCU to process
zn interrupt when the condition code | bit is clear. The
‘a.lowing paragraphs describe two typical external in-
2rrupt circuits.

2ero-Crossing Interrupt

A sinusoidal input signal (fiyT maximum} can be used
:2 generate an external interrupt (see Figure 8a) for use
25 a zero-crossing detector (for negative transitions of
-~ ac sinusoid). This type of circuit allows applications
s.ch as servicing time-of-day routines and engaging/dis-
z~gaging ac power control devices. Off-chip, full-wave
-zctification provides an interrupt at every zero crossing
-“ the ac signal and, thereby, provides a 2f clock.

Digital-Signal Interrupt

With this type of circuit (Figure 8b]), the INT pin can be
driven by a digital signal. The maximum frequency of a
signal that can be recognized by the TIMER or INT pin
logic is dependent on the parameter labeled tyy|, twH.
Refer to TIMER for additional information.

SOFTWARE INTERRUPT (SWI)

The SWIl is an executable instruction that is executed
regardless of the state of the | bit in the CCR. The SWi
execution is similar to the hardware interrupts.

MODES OF OPERATION

The MCU has two modes of operations. These modes
are the normal and bootstrap. The following paragraphs
describe the modes.

NORMAL MODE

This mode is a single-chip mode and is entered if the
following conditions are met: (1) the RESET line is low,
(2) the PCO pin is within its normal operationai range,
and (3) the Vpp pin is connected ta Vcc. The next rising
edge of the RESET pin then causes the part to enter the
normal mode.

BOOTSTRAP

The bootstrap mode is entered if the TIMER pin - - 12
V. Refer to application note, MC68705P3:R3 U3 8-Bit
EPROM Microcomputer Programming Module (AN-857
Rev.2).

TIMER

The MCU consists of an 8-bit software programmable
counter driven by a 7-bit software programmable pres-
caler. The various timer sources are made via the timer
control register {TCR) and/or the mask option register
{MQOR). The 8-bit caunter may be loaded under program
control and is decremented toward zero. When the timer
reaches zero, the timer interrupt request bit (bit 7} in the
timer control register (TCR) is set. Refer to Figure 9 for
timer block diagram.
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191 in CC}
07F# SP
09 DDRs
CLR INT Logic
FF § Timer
TCR6 41
TCR7 40 {TIMER INT)
(TCR7 @ TCRG}
3 MR? & MF6
(INT2)
Put FFE on
Address Bus
Fetch
Instruction

RESET
Pin= Low

is Fetched
tnstruction

N RESET
Pin=High on SWi?

Load Options From
MOR ($F38) Into

Cloar NT Stack
N —> PC, X, A, CC
Request
Latch
Y Timer =1
Load PC Fram
SWI: FFC/FFD
INT: FFA/FF8
Timer or
INT2: FF8/FF9
Swi

Cantrol Logic
Execute
3 Instruction
Load PC ']
From
FFE/FFF
| I

Figure 7. Reset and Interrupt Processing Flowchart

{a) Zero-Crossing Interrupt

{b} Digital-Signal interrupt

ac

(Current
Input Lmung)
(INT Max) - 9 ] 2 | INT
R<1 MO n MC U
"
ac Input< y !t 01410
10 Vae p-p li !! uF

Vee
TTL 47k
Level —
2 | WY
Digital N
Input

1

Figure 8. Typical interrupt Circuits

The timer interrupt can be masked (disabled) by setting
the timer interrupt mask bit (bit 6) in the TCR. When the
| bit in the condition code register is cleared and the TCR
bit 6 is cleared, the processor receives the interrupt. The
MCU responds to this interrupt by (1) saving the present
CPU state on the stack, {2) fetching the timer interrupt
vector, and (3) executing the interrupt routine. The timer

interrupt request bit must be cleared by software. Refer
to RESETS and INTERRUPTS for additional information.

The prescaler is a 7-bit divider which is used to extend
the maximum length of the timer. To avoid truncation
errors, the prescaler is cleared when TCR bit 3 is set to
a logic one; however, the TCR bit 3 always reads as a
logic zero to ensure proper operation with read-modify-
write instructions.
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The timer continues to count past zero, falling from $00
through $FF, and continues the countdown. The counter
can be read at any time by reading the timer data register
(TDR). This allows a program to determine the length of
time since a timer interrupt has occurred without dis-
turbing the counting process. The TDR is unaffected by
reset.

SOFTWARE CONTROLLED MODE

This mode is selected when TOPT (bit 6) in the MCR
is programmed to zerc. The timer prescaler input can be
configured for three different operating modes plus a
disable mode, depending on the value written to TCR
control bits 4 and 5 (TIE and TIN). The following para-
graphs describe the different modes.

Timer nput Mode 1

When TIE and TIN are both programmed to zero, the
timer input is from the internal clock {phase two) and the
timer input pin is disabled. The internal clock mode can
be used for periodic interrupt generation as well as a
reference for frequency and event measurement.

Timer Input Mode 2

When TIE=1 and TIN=0, the internal clack and the
timer input signals are ANDed to form the timer input.
This mode can be used to measure external pulse widths.
The active high, external pulse gates in the internal clock
for the duration of the external puise. The accuracy of
the count is = 1.

Timer input Mode 3

When TIE=0 and TIN =1, no prescaler input frequency
is applied to the prescaler and the timer is disabled.

Timer Input Mode 4

When TIE and T!N are both one, the timer input is from
the external clock. The external clock can be used to count
external events as well as to provide an external fre-
quency for generating periodic interrupts. Frequency of
external input must be < fygc/8.

MOR CONTROLLED MODE

This mode is selected when TOPT (bit 6) in the MOR
is programmed to logic one. The timer circuits are the
same as described in SOFTWARE CONTROLLED MODE.
The logic levels of TCR bits 0, 1, 2, and 5 are determined
during EPROM programming by the same bits in the MOR.
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres-
caler division and the timer clock selection. TIE (bit 4} and
PSC (bit 3} in the TCR are set to a logic one when in the
MOR controlled made. TIM (bit 6) and TIR (bit 7) are
controlied by the counter and software.

TIMER CONTROL REGISTER (TCR) $009

This is an 8-bit register that controls various functions
such as configuring operation mode, setting ratio of the
prescaler, and generating timer interrupt request signal.
Al bits are read/write except bit 3. The configuration of
the TCR is determined by the TGPT (bit 6) in the MOR.

When TOPT = 1, the TCR emulates the MC6805R2; w-~=-
TOPT =0, the TCR is controiled by software.

TCR with MOR TOPT =1
7 3

5 4 3 2 1 :
1TIRITIM|"‘1lPSC|*|’ .
TCR with MOR TOPT =0
b 4 3 2 1
EIETEED ] TE | psc | ps [ ps1 =
RESET:
0 1 U U u U u

*The value of corresponding bits in MOR is written during RES= -
rising edge. These hits always read "“one".

TIR — Timer Interrupt Request
Used to indicate the timer interrupt when it is loz :
one
1=_Set when the timer data register changes tc =
zeros
0=_Cleared by external reset, power-on reset. --
under program control
TIM — Timer Interrupt Mask
Used to inhibit the timer interrupt
1=lInterrupt inhibited
0 =Interrupt enabled
TIN — External or internal
Selects input clock source
1=External clock selected
0=Internal clock selected {fpgc/4)
TIE — TIMER External Enable
Used to enable external TIMER pin. When TOPT =1
TIE is always a logical “one”.
1 =Enables external timer pin
0=Disables external timer pin
PSC — Prescaler Clear
Write only bit. Writing a one to this bit resets the
prescaler to zero. A read of this location always in-
dicates a zero when TOPT =0. When TOPT =1, this
bit will read a lagical “one” and has no effect on the
prescaler.
PS2, PS1, PSO — Prescaler Clear
Decoded to select one of eight outputs of the pres-

caler
Prescaler
PS2 PS1 PS0 Divide By
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
NOTES

When changing the PS bits in software, the PSC
bit should be written to a “one” in the same write
cycle to clear the prescaler. Changing the PS bits
without clearing the prescaler may cause prescaler
truncation.
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MASK OPTION REGISTER {MOR) $F38

The MOR is implemented in EPROM. This register con-
tains all zeros prior to programming and is not affected
by reset. The MOR bits are described in the following

paragraphs.
7 6 5 4 3 2 ! 0
LCLK ‘ TOPT ‘ CLS I I 1 P2 I P1 PO

CLK — Clock (oscillator type)
1= Resistor Capacitor (RC)
0= Crystal
TOPT — Timer Option
1=MCB805R2 type timer prescaler. All bits except
6 and 7, of the TCR are invisible to the user.
Bits 5, 2, 1, and 0 of the MOR determine the
equivalent MC6805R2 mask options.
0=AIlTCR bits are implemented as a software pro-
grammable timer. The state of MOR bits 5, 4,
2, 1, and 0 sets the initial values of their re-
spective TCR bits.
CLS — Timer/Prescaler Clock Source
1=External TIMER pin
0=Internal clock
Bit 4
Not used if TOPT = 1. Sets the initial value of TIE in
the TCR if TOPT=0.
1= Not used
0=Sets initial value of TIE in the TCR
Bit 3
Not used
P2, P1, PO
The logical levels of these bits, when decoded, select
one of eight outputs on the timer prescaler.

Prescaler
P2 P1 PO Divide By

0 0 0 1

Q 0 1 2

a 1 0 4
o0 1 1 3
1 0 0 16
! 1 0 1 32

1 1 0 64

1 1 1 128 o

PROGRAMMING CONTROL REGISTER {PCR) $00B

The PCR is an 8-bit register which provides the nec-
essary control bits to program the EPROM. The boetstrap
pragram manipulates the PCR when programming so the
user need not be concerned with PCR in most applica-
tions.

7 6 5 4 3 2 1 0

i I 1 [ 1 ’ 1 ‘ 1 ]m’ﬁJP—LEi
RESET:

U U U U U U 1 1

PLE — Programming Latch Enable
Controls address and data being latched into the
EPROM. Set during reset, but may be cleared any-
time.

MOTOROLA MIC

1=Read EPROM
__ D=Llatch address and data on EPROM
PGE — Program £nable
Enables programming of EPROM. Must be set when
changing the address and data. Set during reset.
1=Inhibit EPROM programming
0=Enable EPROM programming (if PLE is low)
VPON — Vpp On
A read-only bit that indicates high voltage at the Vpp
pin. When set to “one’”, disconnects PGE and PLE
from the chip.
1=No high voltage on Vpp pin
0 =High voltage on Vpp pin

NOTE

VPON being “zero” does not indicate that the Vpp
level is correct for programming. It is used as a
safety interlock for the user in the normal operating
mode.

PGE | PLE
o |

VPON
0

Programming Conditions

Programming mode (program
EPROM byte)

PGE and PLE disabled from
system

o SE—

Programming disabled {latch
,address and data in EPROM)

PGE and PLE disabled from
system

Invalid state; PGE 0 if PLE
Invalid state; PGE 0 if PLE
""High voltage” on Vpp

PGE and PLE disabled from
system {operating mode)

— D= O
- = |o|o

EPROM PROGRAMMING
ERASING THE EPROM

The EPROM can be erased by exposure to high-inten-
sity ultraviolet (UV) light with a wavelength of 25637 angs-
troms. The recommended integrated dose (UV intensity
x exposure time) is 25Ws/cm2, The lamps should be
used without software filters, and the MCU shouid be
positioned about one inch from the UV tubes. Uttraviolet
erasure clears all bits of the MCU EPROM to the “‘zero”
state. Data then can be entered by programming “ones’’
into the desired bit locations.

PROGRAMMING

The MCU bootstrap program can be used to program
the MCU EPROM. The alternate vectoring used to imple-
ment the self-check is used to start execution of the boaot-
strap program.

A MCM2532 UV EPROM (other industry standard
EPROMs may be used) must first be programmed with
the same information that is to be transferred to the MCU
EPROM. Refer to application note, MC68705P3/R3/U/3 8-bit
EPROM Microcomputer Programming Module (AN-857

ROPROCESSOR DATA
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Rev.2} for schematic diagrams and instructions on pro-
gramming the MCU EPROM.

ANALOG-TO-DIGITAL CONVERTER

The chip resident 8-bit analog-to-digital (A D) converter
uses a successive approximation technique as show in
Figure 10. Four external analog inputs can be cannected
to the A/D via Port D. Four internal analog channels (VRH —
VRL. VRH—VRL'2, VRH-VRL/4, and VRL) may be se-
lected for calibration. The accuracy of these internal chan-
nels may not meet the accuracy specifications of the
external channels.

Multiplexer selection is controlied by the A/D control
register {ACR) bits 0, 1, and 2. Refer to Table 2 for mul-
tiptexer selection. The ACR is shown in Figure 10. The
converter uses 30 machine cycles to complete a conver-
sion of a sampled analog input. When the conversion is
complete, the digital value is placed in the A/D result
register (ARR); the conversion flag is set; selected input

is sampled again; and a new conversion begins. When
ACR7 is cleared, the conversion in progress is aborted
and the selected input, which is held internally, is sam-
pled for five machine cycles.

The converter uses VRH and VR as reference voltages.
An input voltage equal to or greater than VRH converts
to $FF. An input voltage equal to or less than VR, but
greater than Vgs, converts to $00. Maximum and mini-
mum ratings must not be exceeded. Each analog input
source should use VRH as the supply voltage and should
be referenced to VR| for the ratiometric conversion. To
maintain full accuracy of the A/D, three requirements
should be followed: {1) VRH should be equal to or less
than V¢, (2) VRL should be equal to or greater than Vgg
but less than maximum specifications, and (3) VRH — VRL
should be equal to or greater than 4 voits.

The A/D has a buiit-in 1/2 LSB offset intended to reduce
the magnitude of the quantizing error to = 1/2 LSB, rather
than +0, —1 LSB with no offset. This implies that, ig-
noring errors, the transition point from $00 to $01 occurs
at 1/2 LSB above VRL. Similarly, the transition from $FE
to $FF occurs 1-1/2 LSB below VRH, ideally.

Table 2. A/D Input MUX Selection

A/D Control Register Input Selected A/D Qutput {Hex)
ACR2 ACR1 ACRO Min Typ Max
0 0 0 ANO
0 0 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 VRH* FE FF FF
1 0 1 VRL* 00 00 01
1 1 0 VRH/4* 3F 40 41
1 1 1 VRH/2* 7F 80 B1
*Internal (calibration) levels
8
F Vd
D/A -
Control
15 k2 (Typ) comp Logic Count
AV +
4
VRH ——@ VRH/2
VRL VRH/4
Y
PDO/ANG —]
1-of-8
PD1/ANT — Select
PD2/AN2 — Multiplexer
PD3/AN3 —] r
8
7y 0 7
A/D ™~ ~[—1]o A/D
@ @ -4 o
Control | G olol S Result
Register L <l «a] a Regi

Figure 10. A/D Block Diagram
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INSTRUCTION SET

The MCU has a set of 59 basic instructions which can
be divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type.

READ-MODIFY-WRITE INSTRUCTIONS

These instructions read a memory location or a reg-
ister, modify or test its contents, and write the modified
value back to memory or to the register. The test for
negative or zero (TST) instruction is an exception to the
read-modify-write sequence since it does not madify the
value. Refer to the following list of instructions.

REGISTER/MEMORY INSTRUCTIONS Function | Mnemonic
Most of these instructions use two operands. One op- Increrment : INC
erand is either the accumulator or the index register. The +
other operand is obtained from memory using one of the Decrement DEC
addressing modes. The jump unconditional (JMP) and Clear CLR
jump to subroutine (JSR) instructions have no register s | . com
operand. Refer to the following instruction list. omplemen
Negate {2's Camplement) NEG
Function Mnemonic Rotate Left Thru Carry ROL
Load A from Memory LDA Rotate Right Thru Carry ROR
Load X from Memory LDX Logical Shift Left LSL
Store A in Memory STA Logical Shift Right LSR
Store X in Memory STX Arithmetic Shift Right ASR
Add Memory to A ADD Test for Negative or Zero TST |
Add Memory and Carry to, A ADC
Subtract Memory SuB
Subtract Memory from A with Borrow SBC
AND Memory to A AND BRANCH INSTRUCTIONS
OR Memary with A ORA This set of instructions branches if a particular condi-
Exclusive OR Memory with A EOR Fron is met; otherwise, no o_peranorj is performed. Branch
- - instructions are two byte instructions. Refer to the fal-
Arithmetic Compare A with Memory CmP lowing list for branch instructions.
Arithmetic Compare X with Memory CPX
Functi M i
Bit Test Memory with A {Logical Compare) BIT unction nemonie
B h Al BRA
Jump Unconditiona) JMP ranc ways
K Branch Never BRN
Jump to Subroutine JSR
Branch if Higher BHI
Branch if Lower or Same BLS
BIT MANIPULATION INSTRUCTIONS Branch if Carry Clear BCC
The MCU is capable of setting or clearing any bit which (Branch if Higher or Same) {BHS)
resides in the first 256 bytes of the memory space where Branch if Carry Set BCS
all port registers, port DDRs, timer, timer control, and on- )
chip RAM reside. An additional feature allows the soft- (Branch if Lower) (BLO)
ware to test and branch on the state of any bit within Branch if Not Equal BNE
these 256 Ioc_atfons. The bit set, bit clear a_nd bit test, apd Branch if Equal BEQ
branch functions are all implemented with a single in- - | BHCC
struction. For test and branch instructions, the value of Branch if Half Carry Clear H
the bit tested is also placed in the carry bit of the condition Branch if Half Carry Set BHCS
coFie rggister._Refer to the following list for bit manipu- Branch if Plus BPL
lation instructions.
Branch if Minus BMI
Function Mnemonic Branch if Interrupt Mask Bit is Clear BMC
Branch if Bit n is Set BRSETn(n=0...7) Branch if interrupt Mask Bit is Set BMS
Branch if Bit n is Clear BRCLRn (n=0...7) Branch if Interrupt Line is Low BIL
Set Bit n BSETn{n=0...7} Branch if Interrupt Line is High BIH
Clear Bit n BCLRni{n=0...7) Branch to Subroutine BSR

L
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CONTROL INSTRUCTIONS

These instructions are register reference instructions
and are used to control processor operation during pro-
gram execution. Refer to the following list for controi
instructions.

Function Mnemonic w
Transfer A to X TAX
Transfer X to A TXA
Set Carry Bit SEC
Clear Carry Bit cLC
Set Interrupt Mask Bit SEI
Clear Interrupt Mask Bit CLI
Software Interrupt Swi
Return from Subroutine RTS
Return from Interrupt RT!
Reset Stack Pointer RSP
No-Operation NOP
OPCODE MAP SUMMARY

Table 3 is an opcode map for the instructions used on
the MCU.

ADDRESSING MODES

The MCU uses ten different addressing mades to pro-
vide the programmer with an opportunity to optimize the
code for all situations. The various indexed addressing
modes make it possible to locate data tables, code con-
version tables, and scaling tables anywhere in the mem-
ory space. Short indexed accesses are single byte
instructions, while the longest instructions [three bytes)
permit accessing tables throughout memory. Short and
long absolute addressing is also included. Two byte direct-
addressing instructions access all data bytes in most ap-
plications. Extended addressing permits jump instruc-
tions to reach all memory.

The term "effective address” (EA) is used in describing
the various addressing modes. Effective address is de-
fined as the address from which the argument for an
instruction is fetched or stored.

IMMEDIATE

In the immediate addressing mode, the operand is con-
tained in the byte immediately following the opcode. The
immediate addressing mode is used to access constants
that do not change during program execution (e.g., a
constant used to initialize a loop counter}.

DIRECT

In the direct addressing mode, the effective address of
the argument is contained in a single byte following the
opcode byte. Direct addressing allows the user to directly
address the lowest 256 bytes in memory with a single
two-byte instruction,

EXTENDED

In the extended addressing mode, the effective address
of the argument is contained in the two bytes following
the opcode byte. instructions with extended addressing
mode are capable of referencing arguments anywhere in
memory with a single three-byte instruction.

RELATIVE

The relative addressing mode is only used in branch
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added
to the PC if, and only if, the branch conditions are true.
Otherwise, control proceeds to the next instruction. The
span of relative addressing is from —126 to +129 from
the opcode address.

INDEXED, NO OFFSET

in the indexed, no offset addressing mode, the effective
address of the argument is contained in the 8-bit index
register. This addressing mode can access the first 256
memory locations. These instructions are anly one byte
long. This mode is often used to move a pointer through
a table or to hold the address of a frequently referenced
RAM or /O location.

INDEXED, 8-BIT OFFSET

In the indexed, 8-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the unsigned byte following the
opcode. The addressing mode is useful for selecting the
Kth element in an n element table. With this two-byte
instruction, K would typically be in X with the address of
the beginning of the table in the instruction. As such,
tables may begin anywhere within the first 256 address-
able lacations and could extend as far as location 510
{$1FE is the last location at which the instruction may
begin).

INDEXED, 16-BIT OFFSET

In the indexed, 16-bit offset addressing mode, the ef-
fective address is the sum of the contents of the unsigned
8-bit index register and the two unsigned bytes following
the opcode. This addressing mode can be used in a man-
ner similar to indexed, 8-bit offset except that this three-
byte instruction aliows tables to be anywhere in memory.

BIT SET/CLEAR

In the bit set/clear addressing mode, the bit to be set
or cleared is part of the opcode. The byte following the
opcode specifies the direct addressing of the byte to which
the specified bit is to be set or cleared. Any read/write
bit in the first 256 locations of memory, including 1/0, can
be selectively set or cleared with a single two-byte in-
struction.

BIT TEST AND BRANCH

The bit test and branch addressing mode is a combi-
nation of direct addressing and relative addressing. The
bit to be tested, and its condition (set or clear), is included
in the opcode. The address of the byte to be tested is in
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MC68705R3

the single byte immediately following the opcode byte.
The signed relative 8-bit offset in the third byte is added
to the PC if the specified bit is set or cleared in the spec-
ified memory location. This single three-byte instruction
allows the program to branch based on the condition of
any readable bit in the first 256 locations of memory. The
span of branching is from —125to + 130 from the opcode
address. The state of the tested bit is also transferred to

the carry bit of the condition code register.

MAXIMUM RATINGS

INHERENT

In the inherent addressing mode, all the information
necessary to execute the instruction is contained in the
opcode. Qperations specifying only the index register or
accumulator as well as the control instruction with no
other arguments are included in this mode. These in-
structions are one byte long.

ELECTRICAL SPECIFICATIONS

I

| Rating Symbol Value Unit These devices contain circuity to protect
B N the inputs against damage due to high static
Supply Voltage vee 03to -70 v voltages or electrical fields; however, it is ad-
Input Voltage v vised that normal precautions be taken to
EPROM Programming Voltage avoid application of any voltage higher than
(Vpp Pin) Vpp -03to0 -220 maximum rated voltages to this high-imped-
TIMER Pin — Normal Mode Vin -03to -7.0 ance circuit. For proper operation it is rec-
TIMER Pin — Baootstrap ommended that Vi and Vgt be constrained
Pragramming Mode Vin -03to0 ~150 to the range Vgg<{Vjy and Vout)<Vcc. Re-
All Others Vin -03t0 +7.0 liability of operation is enhanced if unused
R B inputs except EXTAL are tied to an appro-
Operating Temperature Range TA Tpto TH C - . N
MCE8705R3 0to +70 Snatf logic voltage level {e.g., either Vgg or
MC68705R3C ~40 10 85 cch
Storage Temperature Range Tsig —-55to + 150 C
Junction Temperature TJ TW
Plastic 150
Cerdip 175
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Piastic (P Suffix) A 50 TW
Plastic (FN Suffix) 100
Cerdip (S Suffix} 60

POWER CONSIDERATIONS

The average chip-junction temperature, T j, in °C can

be obtained from:

Ty=Ta+{Pp-byp) (1)
where:
Ta = Ambient Temperature, °C
AT = Package Thermal Resistance,
Junction-to-Ambient, °C/W
Pp = PINT+PPORT _
PINT = Ige % Ve, Watts — Chip Internal Power

Pport = Port Power Dissipation,

Watts — User Determined

For most applications PpopT<P)NT and can be ne-
glected. PPORT may become significant if the device is
configured to drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if
PpoRT is neglected) is:

Pp=K=+ (T +273°C) {2)
Solving equations (1} and (2) for K gives:
K=Pp« (Ta+273°C)+8APD? (3)

where K is a constant pertaining to the particular part. K
can be determined from equation (3) by measuring Pp
(at equilibrium) for a known Ta. Using this value of K,
the values of P and T j can be obtained by solving equa-
tions (1) and (2) iteratively for any value of Tp
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS
(Vee=5.25 Vde +0.5%, Vgg =0, Ta =20 to 30°C, unless otherwise noted}

Characteristic Symbol

Min

Typ

Programming Voltage Vpp

200

210

Vpp Supply Current ipp
Vpp=5.25V
Vpp=210V

Oscillator Frequency fosc p

as

10

Bootstrap Programming Mode Voltage VIHTP
(TIMER Pin) /v |yTp =100 uA Maximum

90

120

ELECTRICAL CHARACTERISTICS

{Vee=-525Vdc =05 Vdc, Vgg - 2 Vde. T4 =3 0 70°C, unless Gime~w se ~2tez

Characteristic

Input High Voltage
RESET {4.75 = V¢ = 5.75)
~ (Vgg = 475)
INT 4.75 = Vg < 5.75)
(Vee < 4.75)
All Other

Input High Voltage (TIMER Pin)
Timer Mode
Bootstrap Programming Mode

Input Low Voltage
RESET
INT
All Other

ViL

wnw
W\

INT Zero-Crossing Input Valtage — Through a Capacitor

VINT

~
(=)

Internal Power Dissipation {No Port Loading, Ve =5.25 V Ta-0C
for Steady-State Operation) Ta=40C

PINT

Input Capacitance
EXTAL
All Other (See Note)

Cin

RESET Hysteresis Voltage
Out of Reset Voltage
Into Reset Voltage

VIRES -
VIRES -

2.1
0.8

Programming Voltage (Vpp Pin)
Programming EPROM
Operating Voltage

Vpp*

20.0
475

21.0
vee

Input Current
TIMER (Vi =0.4V)
EOINT (Vin=0.4 V)
i EXTAL (Vin=24V to Veg!
(Vip=0.4V)
RESET {Vin=0.8 V)
(External Capacitor Changing Current)

lin

'RES

20

*Vpp {pin 7) is connected to Vg in the normal operating mode.

~*Due to internal biasing, this input (when not used) floats to approximately 2.0 V.

NOTE: Port D analog inputs, when selected, Cin, = 25 pF for the first 5 out of 30 cycles.
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SWITCHING CHARACTERISTICS

MC68705R3

(Vee= +5.25 Vde =0.5 Vde, Vgg =0 Vde, To=0°C to 70°C, unless atherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fosc MHz
Normal 04 — 4.2 |
Instruction Cycle Time {(4/fg5c) teye 0.950 — 10 ns l
INT, INT2, or Timer Pulse Width WL tWH | teyct 250 — — ns
RESET Pulse Width tRWL toye +250 — — ns
RESET Delay Time (External Cap = 1.0 uFl RHL — 100 - ms
INT Zero Crossing Detection Input Frequency fINT 0.03 — 1.0 kHz
External Clock Duty Cycle (EXTAL) — 40 50 60 %
Crystal Oscillator Start-Up Time — — — 100 ms
A/D CONVERTER CHARACTERISTICS
(Vee - +5.25 V <0.5 Vde, Vgg=0 Vdc, Ta =0 C to 70°C, uniess otherwise noted)
Characteristic Min Typ Max Unit Comments
Resolution 8 8 8 Bits
Non-Linearity — — =12 LSB For VRH=4.0t0 5.0 Vand VR =0 V.
Quantizing Error — — -12 ' LSB
Conversion Range VRL — VRH "
VRH — — Vee Vv AD accuracy may decrease proportionately as
VRL Vss — 0.2 v VRH is reduced be below 4.0 V. The sum of VRYy
and VR must not exceed V.
Conversion Time 30 30 30 teye Inciudes sampling time
Monotonicity Inherent (within total error)
Zero input Reading 00 00 01 ! hexadecimal | Vin=0
Ratiometric Reading FE FF FF | hexadecimal Vin=VRH
Sample Time 5 5 5 teye
Sample:Hold Capacitance, Input — — 25 pF
Analog Input Voltage VRL — VRH v Negative transients on any analog lines (pins
19-24) are not allowed at any time during
conversion.
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PORT ELECTRICAL CHARACTERISTICS
Vee=+5.25 Vde =06 Vde, Vgg =0 Vde, Ta =0° to 70°C, unless otherwise noted}

Characteristic Symbol Min | Typ Max Unit

Port A

Output Low Voltage, || gad=1.6 mA VoL — — 0.4 v

Output High Valtage, || gad= — 100 pA VOH 2.4 — — %

Output High Voltage, I gad= — 10 pA VOH vee-1.0 — — v

Input High Voltage, } oad= —300 A (Max) VIH 20 — vee

Input Low Voltage, I gad= — 500 pA (Max} ViL vVss | — 08 v

Hi-Z State Input Current (Vi =2.0 V to V) H — ; — - 300 uA i

Hi-Z State Input Current (Vin=0.4 V) L — \' — - 500 HA [
Port B

Output Low Voltage, | g3d=3.2 mA VoL — i — 0.4

Output Low Voltage, || gagq = 10 MA (Sink) VoL — — 1.0

Output High Voltage, || gaq = —200 pA . VoH 24 — —

Darlington Current Drive {Source), Vo=15V I0H -1.0 | — - 10 mA

Input High Voltage ViH 20 1 — vee Vv

Input Low Voltage ViL Vss . — 0.8

Hi-Z State Input Current ITs| — -2 10 uA
Port C

Output Low Voltage, I gad = 1.6 mA VoL — — 0.4 Vv

Output High Voltage, I gad = — 100 pA VOH 24 — — Vv

Input High Voltage VIH 2.0 — vee v

Input Low Voitage ViL Vssg — 0.8 v

Hi-Z State Input Current ITs| — 2 10 nA

Port D (Input Only}

Input High Voltage VIH 2.0 — Vee

Input Low Voltage ViL Vss — 08

input Current lin — <1 5 nA
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Vee=575V
Test MMD6150
Point or Equiv. 1.45kQ
o _L %
40 pF 12 kQ ¥ MMD7000
{Total) or Equiv.

Figure 11. TTL Equivalent Test Load
{Port B)

Vee 575V

Test MMD6150
Point or Equiv 231 k)
30 pF MMD7000
or Equwv

{Total}

Figure 13. TTL Equivalent Test Load

(Ports A and C)
Vpp ©
PAD
Port DDR
Port Data

IP =input Protection

Figure 15. Ports A and C Logic Diagram

PAD

2l

Port 17. Typical Input Protection

T

MC68705R3

Port A
Only

To 10 Logic

30 pF {Total)

Test Paint o——]

Figure 12. CMOS Equivalent Test Load
(Port A)

Vee=575V
3.34 k(2
Test
Point

30 pF (Total)

Figure 14. Open-Drain Equivalent Test Load
(Port C)

VpD

1-10k Typ.

PAD

PB DDR
PB Data

IP = Input Protection

Figure 16. Port B Logic Diagram

. |
Test Point e———

Vary V,

Measure i
(v

Figure 18. I/0 Characteristic
Measurement Circuit
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The following tabie provides generic information pertaining to the package type, temperature, and MC order numbers

for the MC68705R3.

Table 4. Generic Information

MC68705R3

ORDERING INFORMATION

Package Type Temperature Order Number
Cerdip 0°C to 70°C MC68705R3S
S Suffix -40°to ~85°C MC68705R3CS
Plastic 0°C to 70°C MC68705R3P
P Suffix —40°C to 85°C i MC68705R3CP
PLCC -40°C to -85°C MC68705R3CFN
FN Suffix

PIN ASSIGNMENTS

D D w P O e W o~

hPar
sef1PAc
Pas
hras
[} PA3
f1PA2
gPA1
1Y
1 pe7
[Iras
hpes
PB4
[ P83
;Psz
110
(P80
[1P0O: ANG
[ PDY AN
[ P02 an2
P03 and
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Lyz SGS-THOMSON

ST93C06
ST93C06C

256 bit (16 x 16 or 32 x 8) SERIAL MICROWIRE EEPROM

= 1 MILLION ERASE/WRITE CYCLES, with
40 YEARS DATARETENTION

= DUAL ORGANIZATION: 16 x 16 or 32 x 8

= BYTE/WORD and ENTIRE MEMORY
PROGRAMMING INSTRUCTIONS

m SELF-TIMED PROGRAMMING CYCLE with
AUTO-ERASE

= READY/BUSY SIGNAL DURING
PROGRAMMING

m SINGLE 5V #10% SUPPLY VOLTAGE

m SEQUENTIAL READ OPERATION

m 5ms TYPICAL PROGRAMMING TIME

= ENHANCED ESD/LATCH UP
PERFORMANCES for "C” VERSION

m ST93C06 and ST93CO06C are replaced by
the M93C06

DESCRIPTION

The ST93C06 and ST93CO06C are 256 bit Electri-
cally Erasable Programmable Memory (EEPROM)
fabricated with SGS-THOMSON's High Endurance
Single Polysilicon CMOS technology. In the text the
two products are referred to as ST93CO06.

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 Alland Write All. ARead instruction loadsthe
address of the first byte/word to be read into an
internal address pointer.

Table 1. Signal Names

S Chip Select Input

D Serial Data Input

Q Serial Data Output
C Serial Clock

ORG Organisation Select
Vee Supply Voltage

Vss Ground

NOT FOR NEW DESIGN

N g
oot
1 1
PSDIP8 (B) S08 (M)
0.4mm Frame 150mil Width
Figure 1. Logic Diagram
Vce
D — Q
C ST93C06
ST93C06C
S
ORG
Vss

AlO0816B

June 1997
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This is information on a product still in production but not recommended for new designs.
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Figure 2A. DIP Pin Connections

Figure 2B. SO Pin Connections

ST93C06
ST93C06C

sf1 ™ 8fvce
cr2 7jpu
D3 6 ] ORG
Q4 5[Vss

Al00817B

ST93C06
ST93C06C

=0}
2
3
4

8 Vce
7 = DU
6 9 ORG
5/ Vgs
Al00818C

(0 mum
D=
(@] mum

Warning: DU = Don't Use

Table 2. Absolute Maximum Ratings @

Warning: DU = Don't Use

Symbol Parameter Value Unit
Ta Ambient Operating Temperature —40to 125 °C
Tste Storage Temperature —65 t0 150 °C
TLeAD Lead Temperature, Soldering (SO8 package) 40 sec 215 oC
(PSDIP8 package) 10 sec 260
Vio Input or Output Voltages (Q = Von or Hi-Z) —0.3to Ve +0.5
Vce Supply Voltage -0.3t0 6.5
Electrostatic Discharge Voltage (Human Body model) @ sT93C06 2000 v
ST93C06C 4000
VEsp
Electrostatic Discharge Voltage (Machine model) @ ST93C06 500 v
ST93C06C 500

Notes: 1. Exceptfor 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 Q).
3. EIAJ IC-121 (Condition C) (200pF, 0 Q).

DESCRIPTION (contd)

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

2/15 ‘ SGS-THO
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signal on C input may be disconnected or left
running after the start of a Write cycle) and does
not require an erase cycle 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
start of the programming cycle aBusy/Ready signal
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 fabrication give
an Erase/Write cycle Endurance of 1,000,000 cy-
cles and a data retention of 40 years.
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AC MEASUREMENT CONDITIONS

Figure 3. AC Testing Input Output Waveforms

Input Rise and Fall Times < 20ns
Input Pulse Voltages 0.4V to 2.4V
Input Timing Reference Voltages 1V to 2.0V 2.4V 2V 2.0V
Output Timing Reference Voltages 0.8V to 2.0V o v Y\ osv
Note that Output Hi-Z is defined as the point where data INPUT OUTPUT
is no longer driven. Al00815
Table 3. Capacitance @)
(Ta=25°C, f=1 MHz)
Symbol Parameter Test Condition Min Max Unit
CiN Input Capacitance Vin = 0V 5 pF
Cour Output Capacitance Vout = 0V 5 pF
Note: 1. Sampled only, not 100% tested.
Table 4. DC Characteristics
(TA=01t070°C or —-40 to 85°C; Vcc =5V + 10%)
Symbol Parameter Test Condition Min Max Unit
IL) Input Leakage Current 0V <V|N< Ve +2.5 HA
0V < Vour < Ve,
ILo Output Leakage Current Q inHi-Z +2.5 HA
| Supply Current (TTL Inputs) S =V, f=1MHz 3 mA
cc
Supply Current (CMOS Inputs) S =V, f=1MHz 2 mA
S =Vss, C = Vss,
lcca Supply Current (Standby) ORG = Vss o Voe 50 LA
Vi Input Low Voltage (D, C, S) -0.3 0.8 \%
V4 Input High Voltage (D, C, S) 2 Vee+1 \Y
loL=2.1mA 0.4 Vv
VoL Output Low Voltage
lo. =10 |J.A 0.2 \Y
lon = —400pA 2.4 \Y
VoH Output High Voltage o W
lon = —10}.1A Vce —-0.2 \Y
3/15
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Table 5. AC Characteristics
(TA =01t070°C or —-40 to 85°C; Vcc =5V * 10%)

Symbol Alt Parameter Test Condition Min Max Unit
tsHcH tcss | Chip Select High to Clock High 50 ns
teLsH tsks Clock Low to Chip Select High 100 ns
toveH tois Input Valid to Clock High 100 ns

Temp. Range: grade 1 100 ns

tcHDX toiH Clock High to Input Transition Temp. Range: 200 .

grades 3, 6

tcHoL troo | Clock High to Output Low 500 ns
tcHov tep1 | Clock High to Output Valid 500 ns
teuse tcsn | Clock Low to Chip Select Low 0 ns
tsLeH 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
tsLoz tor Chip Select Low to Output Hi-Z ST93C06 300 ns
ST93C06C 200 ns

teheL tskn | Clock High to Clock Low Note 2 250 ns
tcLeH tsk. | Clock Low to Clock High Note 2 250 ns
tw twe 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 aminimum clock period of 1 us, therefore the sum of the timings tcrcL + teicn
must be greater or equal to 1 ps. For example, iftchew is 250 ns, then tcich must be at least 750 ns.

Figure 4. Synchronous Timing, Start and Op-Code Input

S

- {CLSH
el M\

tCLCH

y /_ o
/S \J \
tSHCH - e (CHCL

I {
{DVCH o ICHDX -
: START OP CODE X OP CODE X OP CODE X OP CODE

\ X A X S
——— START it OP CODE INPUT —————————»

Al00819C
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Figure 5. Synchronous Timing, Read or Write

- tDVCH tCHDX >

\ /

- tSLSH

4> tCHQV >

“—— ADDRESS INPUT ————»!

e XTI

-——— DATAOUTPUT ——m

Al00820C

[ tCLSL

- tDVCH

A/ |

tSLSH

Hi-Z

3

tSHQV tSLQZ

4——— ADDRESS/DATA INPUT —® #——— WRITE CYCLE —#

Al01429

DESCRIPTION (cont'd)

The DU (Don't Use) pin does not affectthe function
of the memory and it is reserved for use by SGS-
THOMSON during test sequences. The pin may 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.

‘7’ MICROELECTRONICS

MEMORY ORGANIZATION

The ST93CO06 is organized as 32 bytes x 8 hits 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
ST93CO06 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.

MSON 5/15
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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 internal programming
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 ST93CO06 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 ST93CO06 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).

Table 6. Instruction Set

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
into an output shiftregister. Adummy '0’ bit is output
firstfollowed 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 Selectinput (S) is held High. In this case the
dummy '0’ bitis 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 areduced Vcc. To protectthe 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
addressis correctly decoded, the falling edge ofthe
Chip Select input (S) triggers a self-timed erase
cycle.

x8 Org x16 Org
Instruction Description Op-Code Address Data Address Data
(ORG =0) (ORG =1)
READ Read Data from Memory 10XX A4-A0 Q7-Q0 A3-A0 Q15-Q0
WRITE Write Data to Memory 01XX A4-A0 D7-DO A3-A0 D15-DO
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 Al Memery 0001 XXXXX D7-D0 XXXX D15-D0

Note: X =don’t care bit.

6/15 ‘ SGS-THO
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Figure 6. READ, WRITE, EWEN, EWDS Sequences

READ S |

T =T
D |11|0XXAn A0
Ll gL

I
H e SR ELE Bl EEDE R b o

“rT
D |1|0 0|1 1|Xn X0|
=l

» OP &
CODE

Q T T LQn QOf———
: ' ._I_I_I_I.J.J-LJ-LJ-I-LJ-LJ_I_I_I_.
» OP 4—Pl4—— DATA OUT ——»
CODE ADDR
WRITE S | J
; CHECK :
T TTTT T T T TP STATUS '
D |1|o|1 X X|An AO|Dn Do| !
N N T T T Ay O P O R T A
Q s L
i OP M—Pi4——— DATAIN —>»i ‘4 BUSY —»*& READY ™
CODE ADDR
ERASE S ERASE S
WRITE —_ — WRITE —_— e
ENABLE DISABLE

“rT
D HOOOOXH XO-|
I |

- OP W
CODE

Al00822D

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.

If the ST93CO06 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 erase cycle is completed, the Ready
signal (Q = 1) will indicate (if S is driven high) that
the ST93CO06 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

‘7’ MICROELECTRONICS

self-timed programming cycle. If the ST93CO06 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).

MSON 7/15
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Figure 7. ERASE, ERAL Sequences

ERASE S |

ERASE S |
ALL

D |l|0 O|l|0

e
|:<'n Xof
TR o

CHECK
STATUS

' CHECK :
: STATUS :
T T TT | . N
D 1 11)XX|An A0f : :
1 Il L M

Q " " y '| .|—
! OP M -»! i BUSY 4 READY®

CODE ADDR

i~ BUSY —»=& READY »

OP i« -»
CODE ADDR
DUMMY
Al00823B
Notes: 1. An:n =3 forx16 org. and 4 for x8 org.
2. Xn:n =3 forx16 org. and 4 for x8 org.
Figure 8. WRAL Sequence
WRITE S | J
ALL s
E CHECK '
T™™r1 ™ T 1T "r1=r TN r1TrTTT H STATUS B
D H0001anoon Dof :
R R T B B .
Q — . -
—» OP i »d— DATAIN —»i id—BUSY—D;G-READY-H
CODE ADDR

DUMMY

Al00824B

Note: 1 Xn: n= 3for x16 org. and 4 for x8 org.

8/15
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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 ST93CO06 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 erase cycle is com-
pleted, the Ready signal (Q = 1) will indicate (if S
is driven high) that the ST93CO06 is ready to receive
a new instruction.

Write All

For correct operation, an ERAL instruction should
be executed before the WRAL instruction: the
WRAL instruction DOES NOT perform an automat-
ic erase before writing. The Write All instruction
(WRAL) writes the Data Input byte or word to all the
addresses of the memory. If the ST93CO06 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 ST93CO06 is
ready to receive a hew 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

Figure 9. ST93C06 Timing

memory when the Chip Select (S) is driven High.
Once the ST93CO06 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/0 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 EEPROM Common I/O Opera-
tion”.

DIFFERENCES BETWEEN ST93C06 AND
ST93C06C

Each instruction of the ST93CO06 requires an Addi-
tional Dummy clock pulse after the rising edge of
the Chip Select input (S) and before the START bit,
see Figure 9. When replacing the ST93C06 with
the ST93CO06C in an application, it must be
checked that this Dummy Clock cycle DOES NOT
HAPPEN when D =1: ifitis 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.

|

c [0\

Dummy Clock pulse

[\

START Bit

Al01334

‘7’ MICROELECTRONICS
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Figure 10. Comparative Timings

WRONG
TIMING

GOOD
TIMING

—

A Y P

For ST93CO06:

For ST93C06C:

Dummy Clock pulse START Bit

START Bit Bit=1

s/

fo N [\

For ST93CO06:

For ST93CO06C:

Dummy Clock pulse START Bit

Nothing happens Bit=1
(waits for D = 1)
Al01335
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Figure 11. WRITE Swquence with One Clock Glitch

]

-

C s : ; LM

An

‘An-1

START "0 "1 Glitch DO
— ADDRESS AND DATA
" WRITE ARE SHIFTED BY ONE BIT

An-2

Al01395

DIFFERENCES BETWEEN ST93C06 AND
ST93CO06C (cont'd)

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

— Enhanced ESD 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 delivered by the Master (Microcon-
troller) driving the ST93CO06C. 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.

‘7’ MICROELECTRONICS

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 Organisationby 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).

MSON 11/15
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ORDERING INFORMATION SCHEME

Example: ST93C06C M 1 013TR
Revision | | Package | | Temperature Range | | Option
blank CMOS F3 B® pspIP8 1 0to70°C 013TR  Tape & Reel
Tech. 0.4mm Frame 6  —40 10 85 °C Packing
C CMOSF4 M SO8 @ R
Tech. 150mil Width 87 -4010125°C

Notes: 1. ST93C06CBL1 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.

12/15 ‘ SGS-THOMSON
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame
mm inches
Symb
Typ Min Max Typ Min Max
A 4.80 0.189
Al 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
0.38 0.52 0.015 0.020
9.20 9.90 0.362 0.390
7.62 - - 0.300 - -
E1l 6.30 7.10 0.248 0.280
el 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
IV ofal
A2 | A
L I | A 4
Al _n Ln .:-:'.' '.:::.
¥ 3 \
B el C»ha
»leB1 eA
D eB
o O o B o M i
N F 3
) E1| E
1 ¥
| I I [y I . | PSDIP-a

Drawing is notto scale

‘_Yl SGS-THOMSON 13/15
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SO8 - 8 lead Plastic Small Outline, 150 mils body width

mm inches
Symb
Typ Min Max Typ Min Max
A 1.35 1.75 0.053 0.069
Al 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
a 0° 8° 0° 8°
N 8 8
CP 0.10 0.004
SO8
- h x 45°
A
il v c
B —»iia
MD|CP
o ol
D
ililill f "
i
N 3 /
E| H !
1
\N L 4 4
H I: H | Al L
Y -
SO-a
Drawing is not to scale
14/15 SGS-THOMSON
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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 infringementof 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.

00 1997 SGS-THOMSON Microelectronics - All Rights Reserved

O 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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TOSHIBA TD62783,784AP/F/AF

TOSHIBA BIPOLAR DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TD62783AP, TD62783F, TD62783AF
TD62784AP, TD62784F, TD62784AF

8CH HIGH-VOLTAGE SOURCE DRIVER

The TD62783AP/F/AF Series are comprised of eight TD62783AP
source current Transistor Array. TD62784AP
These drivers are specifically designed for fluorescent
display applications.
Applications include relay, hammer and lamp drivers. /
\
U
FEATURES
e High output voltage Type-AP, AF : Vcc =50V MIN.
Type-F : Ve =35V MIN. DIP18-P-300-2.54D
: _ TD62783F
® Output current (single output) IgyT= -500mA MIN. TDE2783AF
® Output clamp diodes TD62784F
TD62784AF
® Single supply voltage
® Input compatible with various types of logic
® Package Type-AP  : DIP-18pin
® Package Type-F, AF : SOP-18pin
SOP18-P-375-1.27

TYPE DESIGNATION Weight
DIP18-P-300-2.54D : 1.47g (Typ.)
TD62783AP/F/AF |TTL, 5V CMOS SOP18-P-375-1.27 : 0.41g (Typ.)

TD62784AP/F/AF |6~15V PMOS, CMOS

PIN CONNECTION (TOP VIEW) SCHEMATICS (EACH DRIVER
01 02 03 04 O5 06 O7 O8 GND [-—————----- . O Vee
[re] [7] [re] [] [re] [i2] [r2] [o] [ro] i g |
. . : : : - INPUT | =

) EJEEJEJEJENE °*%$%%Ei

$eeeet | 1 e

Hiaianiaiaiainie ToR2784 : no

--——4 O GND
m 12 13 14 15 16 17 18 V¢

(Note) The input and output parasitic diodes
cannot be used as clamp diodes.

961001EBA2

@ TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

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

@ The information contained herein is subject to change without notice.
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TOSHIBA TD62783,784AP/F/AF

MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage AP, AF Vce >0 Vv
F 35
Output Current louT - 500 mA/ch
ViN (Note 1) 15
| Vol \Y
nput Voltage ViN (Note 2) 30
Clamp Diode Reverse | AP, AF v 50 v
Voltage F R 35
Clamp Diode Forward Current I 500 mA
e AP 1.47
Power Dissipation FAF Pp (Note 3) 0.96 w
Operating Temperature Topr -40~85 °C
Storage Temperature Tstg -55~150 °C

(Note 1) Only TD62783AP/F/AF
(Note 2) Only TD62784AP/F/AF
(Note 3) Delated above 25°C in the proportion of 11.7W/°C (AP Type), 7.7W/°C (F, AF Type).

RECOMMENDED OPERATING CONDITIONS (Ta= -40~85°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Supply Voltage AP, AF Vee — — — 01y
F — — | = 35
Duty =10%
8 Circuits — | — |20
Ta = 85°C [s)uct'% = .5,[2% — | — | -5
Output Current loyt |Ti=120°C eyl . mA / ch
pr=25ms DUty=10AJ _ _ - 180
8 Circuits
Duty =50%
AF, F 8 Circuits - - -38
Input TD62783AP/ F/AF| — — | = 2],
Voltage TD62784AP/ F/AF| N — — | = 24
Output | TD62783AP/ F/AF [ — 20 | 50 15
Input |On  |TD62784AP/ F/AF | IN(ON) — 45 [ 120 30|
Voltage| Output | TD62783AP/ F/AF] — 0 | — 0.8
Off |TD62784AP/ F/AF | IN(OFF) — 0 | — 2.0
Clamp Diode Reverse AP Vv — — — 50 v
Voltage F, AF R — — | = 35
Clamp Diode Forward Current I — — — 400 [ mA
o AP — — | — 1 052
Power Dissipation FAF PD — — — 035 w
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TOSHIBA TD62783,784AP/F/AF

ELECTRICAL CHARACTERISTICS (Ta =25°C)

CHARACTERISTIC SYMBOL EE&T TEST CONDITION MIN. | TYP. | MAX. [ UNIT
CUIT
Output Leakage Current IcCEX 1 VCC:\{,CC MAX. ViN=0.4V — — 100 | A
Ta =25°C
VIN=VIN (ON). louT= -350mA | — — 2.0
Output Saturation Voltage |Vcg(sat)| 2 |VIN=VIN (ON). louT= -225mA | — — 1.9 \
VIN=VIN (ON). louT= —-100mA | — — 1.8
TD62783AP/F / AF Vin =24V — | 36|
Input non | 3 V|N =3.85V — | 180 | 260 A
Current | eanp/E/ A VIN=5V — 92 | 130
VIN=12V — 790 | 1130
TD62783AP/F/AF Vcg=2.0V — — 2.0
Input | TD62784AP/F/AF | VN (ON) 4 |louT=-350mA — | — | a5
Voltage |TD62783AP/F/AF Vv _ 0.8 — — v
TD62784AP/F/AF | N (OFF) louT = - 300A 20 | — | —
Supply Current lcc(oN) [ 3 [VIN=VIN (ON). Vcc =50V — — 2.5 [mA/ch
Clamp Diode AP, AF IR 5 VR =50V — — 50 LA
Reverse Current F VR =35V — — 50
Clamp Diode Forward VE 6 |IF=350mA . . 20 v
Voltage
Turn-On Delay toN 7 Vce =Vee max, RL=1250 — | 015 | —
Turn-Off Delay tOFF CL=15pF, R =88() (F) — 18| — #s
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TOSHIBA TD62783,784AP/F/AF
TEST CIRCUIT
1. ICEX 2. VCE (sat)
Vee Vee
VCE(sat)
VTN i J}ICEX VTN im
4 4
3. IN(ON): Icc 4. VIN (ON)- VIN (OFF)
Vee Vee
IM l VfE

f ! f '
Vin i VIN ©ON)- VIN (ow!l i J’hOUT
4 A

5. IR 6. VF
g ITF
A A
7. tON. tOFF

VIH
INPUT Ve

F_’J_'I
PULSE ! !
GENERATOR T j i

L_4-d

INPUT -40%

tpLH

SO‘VX-\

50 us

tpHL

VOH

T

(Note 1) Pulse width 50.s, duty cycle 10%
Output impedance 50(}, t,=5ns, tf= 10ns
(Note 2) C| includes probe and jig capacitance

OUTPUT 50%

oL

PRECAUTIONS for USING

Utmost care is necessary in the design of the output line, Vcc and GND line since IC may be
destroyed due to short-circuit between outputs, air contamination fault, or fault by improper
grounding.
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TOSHIBA TD62783,784AP/F/AF

louT - VIN louT - VIN
500 500
TA62783AP /F/AF TA62784AP /F/ AF
- Ta=25°C Typ. - Ta=25°C Typ.
2 e 2 yp
I3 400 I3 400
= =
3 3
= 300 = 300
= =
=z zZ
w w
@ [
£ 200 £ 200
[ o
[ [
> >
o o
5 100 5 100
e} e}
0 0
0 0.4 038 12 16 2.0 0 1 2 3 4 5
INPUT VOLTAGE V|y (V) INPUT VOLTAGE V|y (V)
IN - VIN IN - VIN
16 3.2
‘é 1.2 é 24
z z
= =
Z 08 z 16
o o
[+ o
o) o)
(W) (%)
= =
g g
g o4 g os
TAG2783AP/F/AF TAG2784AP/F/AF
/ Ta=25°C Typ. Ta=25°C Typ.
0 0
0 4 8 12 16 0 8 16 24 32
INPUT VOLTAGE VN (V) INPUT VOLTAGE VN (V)
louT - VCE (sat) IF - VF
Ta=25°C . Ta=25°C Typ.
06 < 06
< IVce - VEgl>5v
5 ' -
° / : /
- w
0.4 g o4
[ g . .
2 o
[+
4 2
O <
at / 2
o o
E 02 2 o2
2 w
1) / a /
Q
a /
0 0 _—
0 08 16 24 32 0 0.4 0.8 12 16
OUTPUT SATURATION VOLTAGE V(E (sat) (V) DIODE FORWARD VOLTAGE VE (V)
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TOSHIBA

TD62783,784AP/F/AF

POWER DISSIPATION Pp (W)

PD - Ta

1.5
® Type-AP Free Air
N o ® Type-F Free Air
\ Type-AF
1.0 \
@
™,
\ N
AN
AN
0.5
NS
NN
NN
AN t‘
\\\
N
0 \
0 50 100 150

AMBIENT TEMPERATURE Ta (°C)
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TOSHIBA TD62783,784AP/F/AF

OUTLINE DRAWING
DIP18-P-300-2.54D Unit : mm

1)
-~
18 4
Tl ©
N
D) g
©
LTJ T T 0 T T T 1 Lg_l )
L 25.1MAX
24.640.2 s
o gir
2 3
_Sy F
z T
H b
o i
| °
214T1YP le .-1 4401 il 0.540.1 035

Weight : 1.47g (Typ.)
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TOSHIBA TD62783,784AP/F/AF

OUTLINE DRAWING
SOP18-P-375-1.27 Unit : mm

18

1gpRARRAE — 71 ¢

7.010.2
10.34+0.3

LT q
—’j 9 |
1.177TYP {1 0.440.1 0.55
” 13.0MAX .
12.5+0.2

I; +0.2
‘ |
2.45MAX
+0.1
0-25 605

0.1510.1

0.7:0.2

Weight : 0.41g (Typ.)
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{'f TEXAS
INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS052B — Revised June 2003

CMOS Analog

CD4067B, CD4097B Types

Multiplexers/Demultiplexers-

High-Voltage Types (20-Volt Rating)

CD40678B — Single 16-Channel
Multiplexer/Demultiplexer

CD4097B — Differentiat 8-Channel
Multiplexer/Demuitiplexer

@ -CD4067B and CD4097B CMOS

analog multiptexers/demultiplexers® are digi-
tally controlled analog switches having low
ON impedance, low OFF leakage current, and
internal address deceding. In addition, the
ON resistance is relatively constant over the
full input-signal range.
The CD4067B is a 16-channel multipiexer
with four binary control inputs, A,B,C,D, and
an inhibit input, arranged so that any com-
bination of the inputs selects one switch.
The CD40978 is a differential 8-channel mult-
plexer having three binary control inputs A,
B, C, and an inhibit input. The inputs permit
selection of one of eight pairs of switches.
A logic 1" present at the inhibit input turns
all channels off.

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).

"When these devices are used as demultiplexers,
the channel infout terminats are the outputs and
the common outf/in terminals are the inputs.

Recommended Operating Conditions at

Tp =259°C (Unless Otherwise Specified)
For maximum reliability, nominal operating
conditions should be selected so that opera-
tion is always within the following ranges.
Values shown apply to all types except as
noted.

Characteristic Min. |Max. | Units

Supply-Voltage Range :
(T p=Full Package- 3 18 v

Temp. Range)
Muttiplexer Switch fnput|

Current Capability 25 | mA
QOutput Load Resistance | 100 - Y
NOTE:

In certain applications, the external |oad-resistor
current may include both Vpp and signal-line
components. To avoid drawing Vg current when
switch current’ flows into the transmission gate
inputs, the voltage drop across the bidirectional
switch must not exceed 0.8 volt (calculated from
Rpn vatues shown in ELECTRICAL CHARAC-
TERISTICS CHART). .No Vpp current will flow
through R if the switch current flows into
terminal 1 on the CD4067; terminals 1 and 17 on
the CD4097.

Features:
B Low-ON resistance: 125 2 {typ.) over 15

Vp-p signal-input range for Vpp—Vgg=15 V

® High OFF resistance: channel leakage of
+10 pA {typ.) @ Vpp—Vss=10V

® Matched switch characteristics: Rop=5 9 (typ.)

for Vpp—Vgs=15 V
B8 Very low quiescent power dissipation under

all digital-control input and supply conditions:

0.2 uW {typ.) @ Vpp—Vgg=10V

Binary address decoding on chip

5-V, 10-V, and 15-V parametric ratings
100% tested for quiescent current at 20 V
Standardized symmetrical output
characteristics

COMMON ST
out/iw—]'® 24 [— Voo
72 23f—a
6—{3 22}—9
5—4d 20 f—1t0
4 —t5 20 F—1
*
*l3—e L] SH]
27 18 =13
18 74
o—9 16 f—15
A =10 15— INHIBIT
e—1l 14f—c
vgg —12 B30
*CHaNNEL  1op VIEW
tN/QuT cD4067
TERMINAL ASSIGNMENT
92CS- 24978

® Maximum input current of 1 uA at 18 V
over full package temperature range; oo e 2af—voo
108 nA at 18 V and 25°C 7 —2 234
u Meets all requirements.of JEDEC Tentative §—3 22—t 3
Standard No. 138, “‘Standard Specifications L 22| ycuan.
for Description of ‘B’ Series CMOS Devices” cHaN. x |4 —15 20[—3 IN/OUT
: INOUT | 3 g ob—a D
. . 2 —7 ab—5 g o
Applications: | =g . ,_sog':‘l(r)yu O w
. . R . . [
® Apalog and digital multiplexing and demuitiplexing 0-—9 168—87 v can 4_:' g
= A/D and D/A conversion 2 —io 54— 7 [wsoUT e
® Signal gating B—H 14f—¢ 5 g
Vg5 —{12 i3 — INHIB!T = =
TOP VIEW g g
CD4097B o x
TERMINAL ASSIGNMENT

INH

r | OF 1§ DECODERS

OO—0)0+-—}—,

L)
! OﬂJH* oUTIN
) \\ | O
wout | o

150
vpp=24  Vsg=i2
Fig. 1 — CD4067 functional diagram.

P2C5- 2492aR!

CD4067 TRUTH TABLE

Selected
AlB |C D tnh Channel
X X X X 1 None
0 0 0 0 0 0
1 lofofo |0 1
0 1 0.] 0 0 2
117100 }o 3
0 [+] 1 4] [+] 4
1 [+] 1 ] 0 5
0 1 1 0 Q 6
1 1 1 0 0 7
(1] 0 [¢] 1 0 8
1 0 0 1 0 9
0 1 0 1 0 10
1 1 0 1 (1} n
1} 0 1 1 0 12
1 0 1 1 ¢} 13
0 1 1 1 [} 14
1 1 1 1 0 15
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92CS- 24979

| OF 8 DECODERS

|
i I
1 ; I .T ! —l
MRS
| l ~ Loutsin
mlgm-‘ | J \\I
T 1 { T Oned
0—0/ i
I Y .x\ !
Y
OUT/IN
rulgur— : \\l —
= omrd
vpp =24
vgg =12 92C5-24980R2

Fig. 2—CD4097 functional diagram.

CD4087 TRUTH TABLE

Selocted
Channet

None
0%, oY
1%, 1Y
2X, 2

ax, ay
4x, 4y
5X,5Y
6X, 6Y
X, 7Y

g

=0 Xx|>

- 00 =|-00x%X|W

- - --w0l0ocO0oX|0

coooc|looe -

- = O -

Copyright © 2003, Texas Instruments Incorporated



ELECTRICAL CHARACTERISTICS

. €CD40678, CD4097B Types

* Determined by minimum feasible leakage measurement for automatic testing.

3-172

CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (9C) [Units [
TERISTIC
v) v) (V) Min. | Typ. [Max.
SIGNAL INPUTS (V;g) AND GUTPUTS (Vgg) '
Quiescent 5 5 5 150 150 | — 0.04 5
Device Cur- 10 10 10 j 300 300 | - 0.04 0. pa
;"t- ob 15| 20 | 20 | 600 [ 600 - [o0.04 ] 20
ax- 20 [ 100 | 100 [ 3000 | 3000] - | 008 | 100°
ON-state Re - ‘ '
sistance - '
Vgss 0 5 | 800 | 850 | 1200|1300 | - | 470 | 1050}
Vis<N\1’DD 0 10 [ 310 | 330 | 520 | 550 { — | 180 | 400 |- ¢
fon Viax. 0 15 [ 200 | 210 {300 | 320 | [ 125 [ 240 |
Change in .
on-state
Resistance
(Between
Any Two [4] 5 — - — — - 15 -
Channels) 0 10 = _ _ — — I 10 _ 0
Aron ~ 0 w1 | -1 - | - {-15 [=
OFF Chan-
nel Leak-
age Cur-
- rent: Any
Channel -
c())rFF Max. 0 18 £100* +1000* - +0.1 |F100*| nA
All Chan-
nels OFF
{Common
QUT/IN)
Max.
Capacitance:
Input, Ci¢ - - - - - 5 -
QOutput,
Cos
CDA067 - - | - - |- |58 | -
CD4097 -5 o ~ | = | = |- [35 PF
Feed- .
through, - - - - - 0.2
Cios
Propaga- -
tion Delay | RL=200KR2| 5 — — — - |- | 30 60
Time (Sig- | PP [ C_=50 pF 10 — - - - |- 15 30 | ns
nal Input n tr,t4=20 ns 15 - - - - — 10 20
to Output :
CONTROL (ADDRESS or INHIBIT) Ve . )
-1 K¢
Input Low R =1KQ 5 15 _ - —: 118
Voltage, |\ I'°<‘;ssA 10 3 - [ =13
VL Max. - {§~< M _ —
thru {0 al OFF 15 4 il Y
Input High _ 1 K2 - Channets 5 35 135 — -
Voltage, . ’ - R 10 7' 7 — —
Vi:-Min. - :
L 15 11 n| - | =

a SUPPLY voutﬁ}eﬁ}vw_—vsss-svfl
| sof s :
. ‘g R SRSE 04 880 : AMBIENT TEMPERATURE -+ -
T @ seotitiphii g ) ¢ +1ps ;
- SIS R SRS EREE SEEE:
N A S
Z 400 u tr
- .
2 bl
g I
H o
£ okl
S ooptt
] ST
£ o i
5 i
e HHiH }
o] 1ty
-4 -3 -2 -t
INPUT SIGNAL VOLTAGE (Vi) — v
92CS-27326

Fig. 3—Typical ON resistance vs. input signal
- voltage fall types).

SUPPLY VOLTAGE (Vpp-VgglelOV 17 ] 1] "

300 el
: IETES San
1 N‘.”Ei b
250 o e TEwPERATURE
. 3 (Tals t128%C
sl

CHANNEL ON RESISTANCE (Ron! — &

-0 -78 -% -2% 0O 25 H 3 10
INPUT SIGNAL VOLTAGE (V) — v
92Cs-2PN2T

Fig. 4—Typical ON resistance vs. input signal
. voltage {all types).

a SUPPLY VOLTAGE {Vpp - Vgs ) *18 v 1R N
. - HIH
l 300H f s
g 1 4.
€ 2500 spuasy. sEENSFREE RS
w bl 3385 2EREREES HH
gzw it . Tt
< -1-1 AMBIENT TEMPERATURE H H
| S B Ta) - di280C R
@ [RREE - a L s Tt
g Al e SR HE e
E30 SRRt BBRRE besd 65238
8 10 i i‘v ,g,,.{, N_-&%#FI i
g et S it
;50 e .l waberesde Ty ot
3 [SERS YSTEI FRREy 1020 1358 20221 Hg e
(=] PR sredea 4t setbde .
PIEEae e B EeRe S ER LR R RS LA
-6 <16 -3 -Z8 25 7510
. INPUT SIGNAL VOLTAGE (Vig) — V
92¢S-27329

Fig. 5—Typical ON rasistance vs. input signal
voltage (all types).

@ . | AMBIENT TEMPERATURE (Tp)=25°C ::

P IR FIT] IS IR AEESR SNSRI 1SS

& sool:: 18V

3 it

£ Prr

2 i :

@ Bt

& 300

E S

z pEe3] £ 139

.

H = I3e "ﬁ}"‘i I

z : 114 RS, HHHHRTH

° olaHiH-HHHH TR TTHTHN
-1 -75 -3 -29 0 25 5 1©

INPUT SIGNAL VOLTAGE (Vig} — V
92C5-273%0

Fig. 6— Typical ON resistance vs. input signal
voltage lail types).



CD4067B, CD4097B Types

ELECTRICAL CHARACTERISTICS (Cont'd) TEST CIRCUITS
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES ‘ . '
TERISTIC (°c) Units Yoo

Vis Vss | Vpp [-55[-40] +85 [ +125 +25 o0
vl o [ Min.[Typ. |Max. o0 AE
— 3 22 —
Input — 4 21—
Current, ViN=0,18V 18 |*0.1[200|+1 | #1 | — 1£1075 | 20| uA —s -
Iy Max. — & 19—
Pr ation R 0KO.C Voo ] ; :: L
opag 10 KO G - — L
s L L |
Delay Time: :b—(: Y9 18
Addrezs or 50 pF. t;,14=20 ns vss o 15
Inhibit-to- 0 5 |~ |- |- - | - | 325 | es0 E . ::_l[
Signal QUT 0 10 ~ _ _ — — 135 270 ns L CD40867 L
{Channel
turning ON) 0 15 — — — — 95 190 92€5-27333

Address or Ry =300§2.Cy =
inhibit-to- |50 pF, 1,420 ns

Signal OUT 0 5 _ - -1 - ~ 220 440
(Channel 0 w |- -1 -1 =]=1 9 [18]ns
turning 0
OFF) 0 L e il e e e 3
Input ) w0
Capaci- Any Address or — — - — - 5 75 pF g ‘3
tance, Cjpy | Inhibit Input o (lg
2=
Qg
@ O
ul >
$2C5-27332 = x
F
. T
MAXIMUM RATINGS, Absolute-Maximum Values: Fig. 7—OFF channel leakage current-any channel OFF. o

DG SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referencaed to Vgg Terminal) ... ... .. .. . i iiiiiiiiiiiiiiiiiiaierinnees -0.5V {o +20V
INPUT VOLTAGE RANGE, ALLINPUTS ... ittt naeeans -0.5Vio Vpp +0.5V
DCINPUT CURRENT, ANY ONE INPUT L ittt et aa i e raentasaneeannre, +10mA
POWER DiSSIPATION PER PACKAGE (Pp) v
FOrTA=-550C 10 +100%C ... .ottt ittt ittt et et ee i et e et e e e e e e e enaens 500mwW 3°
ForTA=+100%C10+125%C. ...t e Derate Linearity at 12mW/°C to 200mW Voo
DEVICE DISSIPATION PER OUTPUT TRANSISTOR v;:_CI} '2
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al PaGKage TYPOS) . . v vvernenrreraenionsens 100mW 3
OPERATING-TEMPERATURERANGE (Ta). .. ..oooi i iciiinciieie e ... =55%C to +125°C a
STORAGE TEMPERATURE RANGE (Tgig)-.......... O -859C to +150°C :
LEAD TEMPERATURE {DURING SOLDERING): 7
Atdistance 1/16 + 1/32 inch (1.59 £ 0.79mm) from casefor 108 MAX .. ...o.ouvrrrnrrerrrnrrnrnsns +265°C VED L]
s 9 (13
vss 10 %
1 14
t2 t3
L CD 40867

92C5-27334

1 24 o
— 2 23—
kel | 3 22— Voo
] 4
YooVin ¢ - & 21 o v%ym V;s ; :3
—1 s 20p— @ B
—¢ Voo™ Vin — 3 22 |—
—7 Voovi b— 4 20—
— e L s 20 —
— ® — 6 19 -
r 7 18—
" — Ypo ] (7 f—
y © 9 . 16 p—
1= m Z e uE
Vi CDS067 { o 's
12 3
co4097
s205-27336R2 e viL "
92C5-27537TR2 9205-2733%

Fig. 8—Input voltage—measure <2 uA on ail OFF channels

fe.g., channel 12). Fig. 9— OF F channel leakage current—ali channels OFF.
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ELECTRICAL CHARACTERISTICS {(Cont'd)

CD40678B, CD40978B Types

TEST CONDITIONS ’ '
TYPICAL | . .
CHARAC- Vi | Vpp| R VALUES | uniTs
TERISTIC Hiv) | v) | k) .
Cutoff 5% 10 1
{—3-dB)
Frequency v Vg at Common QUT/IN CD4067 14
os CDA097 20
Channel ON | 20 log ——=-3 dB MHz
(Sine Wave is Vg5 at Any Channel 60
Input}
Total 2° 5 0.3
Harmonic 3® 10 10 02
Distortion, * T
HD 5 15 0.12 %
fis= 1 KHz sine wave
O
_40-dB 5 | 10| 1
Feedthrough CD4067 20
Frequency Vs Vs at Common OUT/IN CD4097 12
{All Channels [ 20 log ——=—40 dB MHz
OFF is Vs @t Any Channel 8
5 | 10|
Signal Cross- Between Any 2 Channels® t
talk (Fre- Vos Between | Measured on Common 10
guency at 20 log =—=—40dB | Sections MHz
—40 dB) Vis CD4097 | Measured on Any 18
Only Channet
— | 10| 10"
Address-or- Vgg=0, t,. ;=20 ns,
Inhibit-to- VC=VDD*VSS . 75 mv
Signal {Square Wave} (Peak)
Crosstalk
* Vbp~Vss

Peak-10-peak voltage symmetrical about

A .
Worst case.

Both ends of channel.

Ve
'8

]

@ N Mo d -
"
o

LLELLLd

L)
-

=3
55

~
-

[TITTTTTL

CD4087

92CS-27340R1

Voo

Vs

Vop
] 24 —j
2 23—
3 22 |—
. 21 |—
5 20 |—
[ 19—
T -
8 17—
2 16 p—
0 15—
u 14
12 13
CD4097

92C5-27I4IR)

Fig. 11— Turn-on and turn-off propagation delay—address select input to signal output .
fe.g. measured on channel 0).
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TEST CIRCUITS (Cont'd)

IIIIIIIIL@

Yoo

9205-27338

— 24
— e 23
— 3 22
—1 4 2l
— s 20
— s 19
—_— 7 a
— 8 17
v?; — s 16
10 s
'[ " 14
12 13
_L CD406T
-
e 2}
—t 2 23
— 3 22
— 4 21
— s 20
— & 19
—— 7 18
— 8 17
Voo — s 16
%‘* 0 5

TTTTTTTTI

<
-
-

P2CI-273¥9

Fig. 10— Quiescent device current.

Voo
Vgn
l,’J)————— } 24 .
voo vse —_ : . :: —
— 4 2l |—
— s 20—
_‘. 1] 19 p
— T 18 p=—
] 17—
— 9 16— Voo
Volo— e s—oJ L Vss
" 14
12 13
L CD4067
92CS-27342R)
Voo
24
23 |—
22 —
20 f—
20 |—
19—
18—
17—
16—
15—
14 VoD
13 Ny RV
CO4097
92C5- 2734381

Fig. 12_— Turn-on and turn-off propagation delay—
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CD4067B, CD4097B Types

SPECIAL CONSIDERATIONS
In applications where separate power sources

are used to-drive Vpp and the signal inputs,

the Vpp current capability should exceed
VpD/Rt (R =effective external load). This

provision avoids permanent current flow or -

clamp action on the Vpp supply when power
is applied or removed from the CD40678B or
CD4097B.

When switching from one address to another,
some of the ON periods of the channels of
the multiplexers will overlap momentarily,
which may be objectionable in certain appli-
cations. Also when a channel is turned-on or
off by an address input, there is a momen-
tary conductive path from the channel to
Vgg, which will dump some charge from any
capacitor connected to the input or output
of the channel. The inhibit input turning on
a channel will similarly dump some charge to

Vsgs.

The amount of charge dumped is mostly a
function of the signal level above Vgs.
Typically, at Vpp—Vss=10 V, a 100-pF

capacitor connected to the input or output
of the channel will lose 3-4% of its voltage at
the moment the channel turns on or off.
This loss of voltage is essentially independent
of the address or inhibit signal transition
time, if the transition time is less than 1-2 us.
When the inhibit signal turns a channel off,
there is no charge dumping to V5. Rather,
there is a slight rise in the channel voltage
level (65 mV typ.) due to capacitive coupling
from inhibit input to channel input or output.
Address inputs also couple some voltage
steps onto the channel signal levels.

In certain applications, the external load-
resistor current may include both Vpp and
signal-line components. To avoid drawing
Vpp current when switch current flows into
the transmission gate inputs, the voltage drop
across the bidirectional switch must not ex-
ceed 0.8 volt [calculated from RQn values
shown in ELECTRICAL CHARACTERIS-
TICS CHART). No Vpp current will flow
through R if the switch current flows into
terminal 1 on the CD40678, terminals 1 and
17 on the CD4097B.

~10
(0.102-0254)

j—s
f 24%8-P e

92CM-35097

Dimensions and pad lsyout for CD40678H.

Dimensions and pad layout for CD40978H,

Dimensions in parentheses are in millimeaters and are
derived from the basic inch dimensions as indicated.
Grid gradudtions are in mils (107 inch).

3-176
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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
@ Drawing Qty 0) (6) ®3) (4/5)
CD4067BF ACTIVE CDIP J 24 1 TBD Call Tl N/ A for Pkg Type -55to 125 CD4067BF Samples
CD4067BF3A ACTIVE CDIP J 24 1 TBD Call Tl N / A for Pkg Type -55 to 125 CD4067BF3A
CD4067BM ACTIVE SoIC Dw 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to 125 CD4067BM Samples
& no Sh/Br) - =
CD4067BM96 ACTIVE SoIC Dw 24 2000 Green (RoHS CU NIPDAU |CU SN  Level-1-260C-UNLIM -55to 125 CD4067BM
& no Sh/Br) a =
CD4067BM96E4 ACTIVE SoIC Dw 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to 125 CD4067BM
& no Sh/Br) a =
CD4067BM96G4 ACTIVE SoIC DW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 CD4067BM Samples
& no Sh/Br) a =
CD4067BPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 CMO067B Samples
& no Sh/Br) a =
CD4067BPWG4 ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55to 125 CMO067B
& no Sh/Br) s
CD4067BPWR ACTIVE TSSOP PW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55to 125 CMO067B Samples
& no Sh/Br) s
CD4097BF ACTIVE CDIP J 24 1 TBD Call Tl N / A for Pkg Type -55 to 125 CD4097BF Samples
CD4097BM ACTIVE SoIC Dw 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0 125 CD4097BM Samples
& no Sh/Br) - =
CD4097BME4 ACTIVE SoIC Dw 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to0 125 CD4097BM Samples
& no Sh/Br) a =
CD4097BMG4 ACTIVE SOoIC Dw 24 25 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to 125 CD4097BM Samples
& no Sh/Br) a =
CD4097BPW ACTIVE TSSOP PW 24 60 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 CMO097B
& no Sh/Br) a =
CD4097BPWR ACTIVE TSSOP PW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 CMO097B Samples
& no Sh/Br) a =
CD4097BPWRE4 ACTIVE TSSOP PW 24 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM ~ -55to 125 CMO097B Samples
& no Sh/Br) - =

® 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.

Addendum-Page 1
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http://www.ti.com/product/CD4067B?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/CD4097B-MIL?CMP=conv-poasamples#samplebuy
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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 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.

@ RoHS: Tl 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. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl 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.

® 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 "~" 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.

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

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

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

o Military: CD4067B-MIL, CD4097B-MIL

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

Addendum-Page 2
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o Military - QML certified for Military and Defense Applications
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 30-Jun-2017
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*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)
CD4067BM96 SoIC DW 24 2000 330.0 244 |10.75| 15.7 | 2.7 12.0 | 240 Q1
CD4067BM96G4 SoIC DW 24 2000 330.0 244 |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 | 83 1.6 8.0 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 30-Jun-2017
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*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

Pack Materials-Page 2



MECHANICAL DATA

DW (R—PDS0O—-G24) PLASTIC SMALL QUTLINE

0.614 (15,60)
0.598 (15,20)

AAAAARRRARARR

0.299 (7,60)
0.291 (7,40)

JHHHEHOHHEH A

0.020 (0,51)
Pin 1 J [0.050 (1,27)] JLOM

Index Area ‘%‘OOWO 025 ) @]

-

0.104 (2,65) Max 0.004 (0,10)
0.013 \
0.008 (0,20) 008 1 / \

\ \
: [ ]0.004 (0,10)
Gauge Plane —{ !

? Seating Plane

0.010 (0,25) of _

0.050 (1,27)
0.016 (0,40)

4040000-5/G 01/11

NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AD.
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LAND PATTERN DATA

DW (R—PDS0-G24) PLASTIC SMALL OUTLINE
ExampI?NEf:rg) Layout Sten(c'\ill0 &p%rsings
- 22x1,27 — [—24x0,55 22x1,27
DO AN AN et HHHHHHHHM_
INIRIRIRIRIRIRIRIRIRIR] )
9,4 9,4

Non Solder Mask Define Pad

Solder Mask Opening
(Note E)

Pad Geometry
(Note C)

4209202-5/F 08/13

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

wi3 TExAs
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MECHANICAL DATA

PW (R—PDS0—-G24) PLASTIC SMALL OUTLINE

0,15 NOM /
4,50 6,60

/
i / / \
430 6,20 / ! '
!
i f Gage Plane &
/
N [025 /

EEEEREEREEE

o_g" _ d
AN o
7& 0,50
i \ @ \
v AL . Seating Plone w__J"| nE
AN /
L 1,20 MAX 882 B[00 -

4040064-6/G 02/

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
B. This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0,15 each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.
E. Falls within JEDEC MO-153
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LAND PATTERN DATA

PW (R—PDSO—G24)

PLASTIC SMALL OUTLINE

Example Board Layout

—>| |<—22x0,65

5,6
<7 N
/, - L
/
/ Example
| Non Soldermask Defined Pad
'/' e N Example
e ™. Solder Mask Opening
é/ \\ (See Note E)
’/ —>_<— O’ 3 -
/ : \
| 1 |
\\\ '] ’6 — ,I Pad Geometry

/
. 0,07 /
N All Aroung/

.
S~ —

S ————

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

24x0,25

1AL

5,6

ANy

22x0,65

~1,95

4211284-4/G  08/15

NOTES: All linear dimensions are in millimeters.

A
B. This drawing is subject to change without notice.
C
D

Publication IPC—7351 is recommended for alternate design.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

MCDIO04A — JANUARY 1995 — REVISED NOVEMBER 1997

J (R-GDIP-T*¥)
24 PINS SHOWN

CERAMIC DUAL-IN-LINE PACKAGE

24

| S s Y s Y s Y s Y s Y s Y s Y s Y s Y O s |

13

O

| AN NN B NN NN N N [ U [ U [ S | U | S | S—

1 12
0.065 (1 65) AJ L Lens Protrusion (Lens Optional)
0.045 (1.14) 0.010 (0.25) MAX
0.090 (2,29) 0.175 (4,45)
> 0.060 (1,53) 0.140 (3,56)
v
ﬁT Seating Plane —
0.018 (0,46) MIN
v
4" 0.100 (2.59) 4" L 0.022 (0,56) — 0.125 (3,18) MIN
: ! 0.014 (0,36) 0.012 (0,30)
0.008 (0,20)
PINS ** 24 28 32 40
DIM NARR WIDE NARR WIDE NARR WIDE NARR WIDE
" MAX |0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85) | 0.624(15,85) |0.624(15,85)
MIN  |0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99) | 0.590(14,99) |0.590(14,99)
- MAX |1.265(32,13) |1.265(32,13) | 1.465(37,21) |1.465(37,21) | 1.668(42,37) | 1.668(42,37) | 2.068(52,53) |2.068(52,53)
MIN 1.235(31,37) [1.235(31,37) | 1.435(36,45) |1.435(36,45) | 1.632(41,45) | 1.632(41,45) | 2.032(51,61) |2.032(51,61)
. MAX |0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19) | 0.541(13,74) |0.598(15,19)
MIN  |0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50) | 0.514(13,06) |0.571(14,50)
4040084/C 10/97
NOTES: All linear dimensions are in inches (millimeters).

moow>

This drawing is subject to change without notice.
Window (lens) added to this group of packages (24-, 28-, 32-, 40-pin).

This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification.

b TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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 JESDA48, 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 Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl 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.

Buyers and others who are developing systems that incorporate Tl 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 Tl 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 Tl 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 Tl products; by downloading, accessing or using Tl 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 Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl 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 Tl 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 I1S” 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 Tl 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 Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl 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 Tl 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.qg., 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 Ill devices and equivalent classifications outside the U.S.

Tl 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
reguirements in connection with such selection.
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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 VeBo 50 Vdc
Emitter - Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 800 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 w
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty, Tstg | —-55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction-to-Ambient | Rgya 200 °C/W
Thermal Resistance, Junction-to-Case ReJc 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.

© Semiconductor Components Industries, LLC, 2013 1
November, 2013 - Rev. 8

ON Semiconductor®

http://onsemi.com
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ORDERING INFORMATION

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

Publication Order Number:
BC337/D



BC337, BC337-25, BC337-40

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

t, TIME (SECONDS)
Figure 1. Thermal Response

http://onsemi.com
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Characteristic | Symbol | Min | Typ | Max | Unit |
OFF CHARACTERISTICS
Collector - Emitter Breakdown Voltage V(BR)CEO 45 - - Vdc
(Ic=10mA, Ig=0)
Collector - Emitter Breakdown Voltage V(BR)CES 50 - - Vdc
(Ic =100 uA, Ig = 0)
Emitter —Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc
(le=10uA,Ic=0)
Collector Cutoff Current lcBo - - 100 nAdc
(Ve =30V, g =0)
Collector Cutoff Current Ices - - 100 nAdc
(Vce =45V, Vge =0)
Emitter Cutoff Current leBO - - 100 nAdc
(Veg=4.0V,Ic=0)
ON CHARACTERISTICS
DC Current Gain hee -
(Ic=100 mA, Vce=1.0V) BC337 100 - 630
BC337-25 160 - 400
BC337-40
250 - 630
(Ic =300 mA, Vce=1.0V) 60 _ _
Base-Emitter On Voltage VBE(on) - - 1.2 Vdc
(Ic =300 mA, Vce=1.0V)
Collector - Emitter Saturation Voltage VCE(sat) - - 0.7 Vdc
(Ic =500 mA, Ig = 50 mA)
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob - 15 - pF
(Veg=10V,lIg=0,f=1.0 MHz)
Current-Gain - Bandwidth Product fr - 210 - MHz
(lc=10mA, Vcg =5.0V, f = 100 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.
— 1.0 T T = F—‘ — py e
g o D=05 — ——
céa 05 i — =1
T w03 02 . -
= O ”—’ —-”.
g '<Z£ 02 ; 1I L /;’ = Y
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e 0.1 ] i >y P
o Z007[002= = = (PK) —_ Bual) =r() 6ya
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BC337, BC337-25, BC337-40
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ORDERING INFORMATION

BC337, BC337-25, BC337-40

Device Marking Package Shipping’
BC337G 7 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 (PL?T:?;) 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

tFor information on tape and reel specifications, including part orientation and tape sizes, please

Specifications Brochure, BRD8011/D.

http://onsemi.com
4

refer to our Tape and Reel Packaging
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PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AM

STRAIGHT LEAD

BULK PACK

T
-

SECTION X-X

BENT LEAD
TAPE & REEL
AMMO PACK

RO’
-

SECTION X-X

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.
INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0175 | 0.205 4.45 5.20
B | 0.170 | 0.210 4.32 5.33
C | 0125 | 0.165 3.18 419
D | 0016 | 0.021 | 0.407 | 0.533
G | 0.045 | 0.055 1.15 1.39
H | 0095 | 0.105 242 2.66
J | 0.015 | 0.020 0.39 0.50
K | 0500 -—- | 1270 -
L | 0.250 e 6.35 -
N | 0.080 | 0.105 2.04 2.66
P --—- | 0.100 e 254
R | 0.115 e 2.93 —
V [ 0135 e 3.43 —
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.

MILLIMETERS
| DM MIN | MAX
A | 445 | 520
B | 432 | 533
c | 318 | 419
D | 040 | 054
G | 240 | 280
J | 039 [ 050
K | 1270 [ -—-
N | 204 | 266
P | 150 | 400
R| 293 [ --
V| 343 ---
STYLE 17:
PIN1. COLLECTOR
2. BASE
3. EMITTER

ON Semiconductor and J 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

LITERATURE FULFILLMENT:

Literature Distribution Center for ON Semiconductor

P.O. Box 5163, Denver, Colorado 80217

Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada

USA

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada

Email: orderlit@onsemi.com

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

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative

BC337/D



GS7805L

1A / Fixed 5V Output Voltage Regulator

Product Description

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.

Features

Qutput 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 D?PAK and
Standard 3-Lead Transistor Packages

[ ] Previous Commercial Temperature Range
has been Extended to a Junction
Temperature Range of 0°C to +150°C

Applications

Battery Powered Systems
Portable Consumer Equipment
Portable Computer

Radio Control Systems

Logic Systems

Power Adapter

Block Diagram

i

A

Start up & r
Blas Circuit Thermal Current Driver Power
% Protect Limit Circuit Transistor
Resistor t
Network Current
Detect

out

T

[ GLOBALTECH

ITCONDUCTOR

www.gs-power.

GS7805L



Packages & Pin Assignments

(TO-220) (TO-263) (TO-252) (SOT-223) (SOT-89)
TAB TAB
Q 0 TAB
/ / — 1 TAB
TAB

|

L]

Il

2

gig:

=[]
o[
© [

Pin

Pin

Pin

Pin

Pin

No. GS7805LT No. GS7805LM No. GS7805LD No. GS7805LX 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 | Vour | 3 | Vout | 3 | Vout | 3 | Vout | 3 | Vour |

Ordering Information

Voltage Code

Package Code =
Pb Free Code ==

_7_

LP

|

» GS Brand Name

‘ |—> Part Number

Marking Information

| |
Lead Free <—| T

Date Code «——

L —

]
GS78
E
|

5L P

o

WL

<
I® =

GS Code =

— »GSPIN

Voltage Code
Package Code

www.gs-power.

GS7805L




Absolute Maximum Ratings

Symbol Parameter Maximum | Unit
Vin | Input Voltage | 18 | \ |
TO-220 | 2 |
TO-263 | 2 |
Pp Power Dissipation TO-252 | 1.2 | w
SoT-223 | 09 |
SoT-89 | 05 |
TO-220 | 625 |
TO-263 | 625 |
0.a Thermal Resistance Junction to Ambient TO-252 | 104 | °C/W
SOT-223 | 138 |
SOT-89 | 250 |
T, | Operating Junction Temperature Range | 0 to 150 | ec |
Tste | Storage Temperature Range | -65 to 150 | ec |
Tieao | Lead Temperature (Soldering 10 seconds) | 260 | e°c |

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

Electrical Characteristics

(ViIN=10V, 106=500mA, T,=+25°C, unless otherwise noted.)

» GS7805 .
Symbol Parameter Test Conditions Unit
Min Typ Max
10mA=Ip=<1.0A,
Vo Output Voltage 7VEViNE12V 49 5 51 \%
Regine | Line Regulation 6.5V<Vns15v | I3 | 100 | mv |
. 10mAsIo<1 A
Regioad Load Regulation Vin=6 5V 15 100 mV
I | Bias Current Vin-Vout=1.25V | | 42 | 8 | mA |
. .. 8.0VsV)\<15Y,
RR Ripple Rejection f=120Hz 62 78 dB
lo=100mA | [ 111 | 12 |
Vi-Vo Dropout Voltage lo=500mA | | 118 | 125 | V
lo=1A | | 126 | 13 |
Temperature Coefficient _ o
TCVo of Output Voltage lo=5.0mA | | -1.1 | | mV/°C
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

www.gs-power.

GS7805L




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 uF 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.

Vin ouT Vout
GS7805L
Cin = -t CL
10uF T T 10vF
3 GLOBALTECH
CONDUCTOR WWW.gS-pOWGI'.C0m

GS7805L
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Package Dimension

TO-263 PLASTIC PACKAGE

THERMAL PAD

® —*

‘*’ (L1)

D1

o

El

v
t
Al

Dimensions |

SYMBOL | Millimeters | Inches |

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 | 3
L1 | - | 1.68 | - | 066 | §
L2 | - | 1.78 | - | 070 | P>
L3 | 0.25 (TYP) | .010 (TYP) | o

0 | 0° | 8° | 0° | 8° |

GLOBALTECH

SEMICONDUCTOR www.gs-power.



TO-252 PLASTIC PACKAGE

«— E —» A—Te>

| -»>|
->| e—c1 E|1 THERMAL PAD

E1/2—+>
i L_f
i
|
|
|

D1
}
J— SEATING PLANE
1

Dimensions |

SYMBOL Millimeters | Inches |

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) | y
L3 | 0.89 | 1.27 | .035 | .050 | o
L4 | - | 1.02 | - | 040 | g
L5 | 1.14 | 1.52 | 045 | .060 | o

0 | 0° | 10° | 0° | 10° |

01 | 0° | 15° | 0° | 15° |

GLOBALTECH

SEMICONDUCTOR www.gs-power.



SOT-223 PLASTIC PACKAGE

l—— D —

la— b2 —p *A_’ | ................
. A2 I "‘ ¢!
: |
: ol :
! Jj | 1
| : 0 I
T ' ! l |
| | :
: LH |
E1 | E [ I :
| A l :
¢ | s N | R
l / — ! ol | L |

| V1 |

[ el —»
Dimensions |
SYMBOL Millimeters | Inches |
MIN | MAX | MIN | MAX |
A | - | 1.80 | - | 071 |
Al 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) |
el | 4.60 (TYP) | 181 (TYP) |
L 0.90 | | 035 | |
G | 0.25 (TYP) | .010 (TYP) |
0 | 0° | 8° | 0° | 8° |

GS7805L

www.gs-power.




SOT-89 PLASTIC PACKAGE

- A |-
«— D —
<+ C
|<—D1+‘ l M
T N LT
E E1l
H
¢ I I I
T 1] |
L i i i
0 T .
? Bl |I [
<« B
_> e
—> el
Dimensions |
SYMBOL Millimeters | Inches |
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) |
el | 3.00 (TYP) | 118 (TYP) |
H | 3.94 | 4.25 | 155 | 167 |
L | 0.89 | 1.20 | 035 | 047 |

-
n
o
o]
~
(/2]
(V)

SEMICONDUCTOR WWW.gs-power.cg



TO-220 PLASTIC PACKAGE
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Dimensions |

SYMBOL Millimeters | Inches |

MIN | MAX | MIN | MAX |

A | 4.47 | 4.67 | 176 | 184 |

Al | 2.52 | 2.82 | .099 | A11 |

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) |

el | 4.98 | 5.18 | 196 | 204 |

F | 2.59 | 2.89 | 102 | 114 |
h | 0.0 | 0.30 | 0.0 | 012 | 5
L | 13.40 | 13.80 | 528 | 543 | §
L1 3.56 | 3.96 | 140 | 156 | 8

[0} | 3.735 | 3.935 | 147 | 155 |

GLOBALTECH

SEMICONDUCTOR www.gs-power.



NOTICE

Information furnished is believed to be accurate and reliable. However Globaltech Semiconductor 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 Globaltech Semiconductor. Specifications mentioned in this publication are subject to change
without notice. This publication supersedes and replaces all information without express written approval of
Globaltech Semiconductor.

CONTACT US

GS Headquarter

| 4F.,No.43-1,Lane11,Sec.6,Minquan E.Rd Neihu District Taipei City 114, Taiwan (R.O.C)
&, | 886-2-2657-9980

886-2-2657-3630

@

sales_twn@gs-power.com

Wu-Xi Branch

No.21 Changjiang Rd., WND, Wuxi, Jiangsu, China (INFO. &. TECH. Science Park Building A 210 Room)

86-510-85217051

86-510-85211238

sales_cn@gs-power.com

58 c

RD Division |

824 Bolton Drive Milpitas. CA. 95035 |

D &

| 1-408-457-0587 |

GLOBALTECH

SEMICONDUCTOR Version_1.2




‘:_ LM124, LM224x, LM324x
’I life.augmented ’ ’

Low-power quad operational amplifiers

Datasheet - production data

Related products

e See TSB572 and TSB611, 36 V newer
technology devices, which have enhanced
accuracy and ESD rating, reduced power

QFNT6 3x3 consumption, and automotive grade
qualification

e  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.

]
[
[
[m=
[
]

TSSOP14
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.

Features Table 1: Device summary
e Wide gain bandwidth: 1.3 MHz Product reference Part numbers
e Input common mode voltage range includes LM124 @ LM124

ground , LM224x LM224, LM224A @), LM224W ©
e Large voltage gain: 100 dB
e  Very low supply current/amplifier: 375 pA LM324x LM324, LM324A, LM324W
e Low input bias current: 20 nA Notes:
e Low input voltage: 3 mV max otes:
o Low input offset current: 2 nA Mprefixes LM1, LM2, and LM3 refer to temperature range.
e Wide power supply range: @suffix A refers to enhanced Vio performance

-~ Single supply: 3V to 30 V @®)suffix W refers to enhanced ESD ratings

—  Dual supplies: 1.5V to +15V
June 2016 DocIlD4797 Rev 7 1/21
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LM124, LM224x, LM324x Pin connections and schematic diagram

1 Pin connections and schematic diagram
Figure 1: Pin connections (top view)
: 5 5 4
Z 0 O =
* Tl T ]
N1+ 1] [12 ] iNa+
vce+ E N E vce-
NC E| E NC
IN2+ Z| E IN3+
Bialalo
g 5 E ¢
= 9% 0o
QFN16 3x3
Output 1 1 14 Output 4

Inverting input 1 2 13 Inverting input 4

Non-inverting input 1 3 12 Non-inverting input 4

+ -
VCC 4 VCC

Non-inverting input2 5 10 Non-inverting input 3

Inverting input2 6 9 Inverting input 3

(1 11 M ririri
N I I N I A I I

P
Py

TSSOP14/SO14

Output2 7 8 Output 3

1. The exposed pads of the QFN16 3x3 can be connected to VCC- or left floating
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Pin connections and schematic diagram LM124, LM224x, LM324x

4/21

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

Vee

]

e 1D

Lo
L
Inverting Q2 Q3
input Qi Q4 P
Q9

input Output

Non-inverting !

Q8

- Q - - GND

Figure 3: Schematic diagram (LM124, LM224, LM324, one channel)
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100pA

Inverting
input Qi Q4

Non-inverting ’—[\/Ciﬂ
input 0

Output

Q13

Qs Q9
50uA
- - = GND
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LM124, LM224x, LM324x Absolute maximum ratings and operating

conditions
2 Absolute maximum ratings and operating conditions
Table 2: Absolute maximum ratings
Symbol Parameter Value Unit
Vce Supply voltage +16 or 32
Vi Input voltage -0.3to Vec + 0.3 \%
Vid Differential input voltage @ 32
Ptot Power dissipation: D suffix 400 mw
Output short-circuit duration @ Infinite
lin Input current 50 mA
Tstg Storage temperature range -65 to 150 oc
Tj Maximum junction temperature 150
QFN16 3x3 45
Rithja Thermal resistance junction to ambient ¥ TSSOP14 100
S014 103
QFN16 3x3 14 oW
Rihje Thermal resistance junction to case TSSOP14 32
S014 31
LM224A, LM324A 800
HBM: human body model ® LM124W, LM324W 700
ESD LM124, LM224, LM324 250 \%
MM: machine model © 100
CDM: charged device model 1500
Notes:

(Neither of the input voltages must exceed the magnitude of (Vcc*) or (Vec).

@short-circuits from the output to Vce 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.

@)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.

“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).

®)Human body model: 100 pF discharged through a 1.5 kQ resistor between two pins of the device, done for all couples of pin
combinations with other pins floating.

®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 Q), done for all couples of pin combinations with other pins floating.

3
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Absolute maximum ratings and operating

conditions

LM124, LM224x, LM324x

Table 3: Operating conditions
Symbol Parameter Value Unit
Voo Supply voltage Single supply 31to 30
Dual supply +1.5to0 +15 \
Viem Common-mode input voltage range (Vec) - 0.11t0 (Vec) - 1
LM124 -5510 125
Toper Operating temperature range LM224 -40 to 105 °C
LM324 Oto 70

6/21
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LM124, LM224x, LM324x Electrical characteristics

3 Electrical characteristics
Table 4: VCC+ =5V, VCC- =Ground, Vo = 1.4V, Tamb = 25 °C (unless otherwise specified)
Symbol Parameter Min. | Typ. | Max. Unit
Vio Tamb =25 °C 2 3
LM224A,
LM224W,
LM324A’ Tmin € Tamb £ Tmax 5
LM324W
LM124
@ 2 5
Input offset voltage Tamp = 25 °C LM224 mV
V.
LM124, LM324 2 7
LM224, LM124
LM324 7
Tmin € Tamb £ Tmax LM224
LM324 9
Tamb =25 °C 2 20
lio Input offset current
Tmin € Tamb £ Tmax 40
nA
. Tamb = 25 °C 20 100
lib Input bias current @
Tmin € Tamb £ Tmax 200
Large signal voltage gain, Tamb =25 °C 50 100
Avd Vect=15V, RL=2kQ, VimV
Vo=14Vto11.4V Tiin < Tamp < Tmax 25
SVR Supply voltage rejection ratio, Tamo = 25 °C 65 | 110 dB
Rs< 10kQ, Vec*=5V 1o 30V Tmin € Tamb < Tmax 65
Tamb = 25 °C, Vce = 5V 0.7 1.2
loc Supply current, all amps, no Tamn =25 °C, Vec =30 V 15 3 A
load Tmin < Tamb £ Tmax, Vec =5V 0.8 1.2
Tmin € Tamb £ Tmax, Vec =30V 15 3
v Input common mode voltage Vee =30V, Tamp = 25 °C 0 28.5 v
icm
range ® Vee =30V, Tmin £ Tamb £ Tmax 0 28
iacti i Tamb = 25 °C 70 80
CMR Common mode rejection ratio, am 4B
Rs <10 kQ Tmin £ Tamb £ Tmax 60
lowce | OUtPUL cUrTeNt source, Vee =15V, Vo=2V 20 | 40 | 70
Vie=1V mA
ik Output sink current, Vec =15V, Vo =2V 10 20
sin
Via=-1V Vec =15V, Vo=0.2V 12 50 HA
High level output voltage, Tamp =25 °C 26 27
Vee =30V, RL=2kQ Tmin € Tamb £ Tmax 26
v High level output voltage, Tamp =25 °C 27 28 v
o Vee =30V, RL=10kQ Tmin £ Tamb £ Tmax 27
High level output voltage, Tamo = 25 °C 35
Vee =5 V’ Ru= 2KkQ Tmin € Tamb £ Tmax 3
Kys DoclD4797 Rev 7 7/21




Electrical characteristics

LM124, LM224x, LM324x

Symbol Parameter Min. | Typ. | Max. Unit
Tamb = 25 °C 5 20
VoL Lov! level output voltage, am myv
Re = 10kQ Tmin € Tamb £ Tmax 20
Vec=15V,Vi=05t03V,
SR Slew rate RL =2 kQ, CL =100 pF, 0.4 V/ius
unity gain
Vee =30V, f =100 kHz,
GBP Gain bandwidth product Vin=10 mV, RL =2 kQ, 1.3 MHz
CL =100 pF
f = 1kHz, Ay = 20 dB, RL= 2 kQ,
THD Total harmonic distortion Vo = 2 Vpp, CL =100 pF, 0.015 %
Vece =30V
. . . f=1kHz, Rs =100 Q,
en Equivalent input noise voltage |\~ ~ "o, 40 nV/\NHz
DVio Input offset voltage drift 7 30 uv/°C
Dlio Input offset current drift 10 200 | pA/°C
Vo1/Vo2 Channel separation “ 1kHz< f< 20kHZ 120 kHz
Notes:

MVo=14V,Rs=0Q,5V<Vcct<30V,0<Vic<Vcct-1.5V

@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.

©®)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.

“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.

8/21
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LM124, LM224x, LM324x

Electrical characteristic curves

4

Electrical characteristic curves

Figure 4: Input bias current vs. temperature

Figure 5: Output current limitation
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Figure 8: Gain bandwidth product vs. temperature
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Electrical characteristic curves

LM124, LM224x, LM324x

Figure 10: Open loop frequency response
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Figure 11: Large signal frequency response
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Figure 12: Voltage follower pulse response
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Figure 13: Output characteristics (current sinking)
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LM124, LM224x, LM324x

Electrical characteristic curves

Figure 16: Input current vs. supply voltage
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Figure 17: Large signal voltage gain vs. temperature

Figure 18: Power supply and common mode rejection
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Figure 19: Voltage gain vs. supply voltage
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Typical single-supply applications

5

LM124, LM224x, LM324x

Typical single-supply applications

Figure 20: AC coupled inverting amplifier
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Figure 21: High input Z adjustable gain DC
instrumentation amplifier
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Figure 22: AC coupled non inverting amplifier
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Figure 23: DC summing amplifier
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Figure 24: Non-inverting DC gain
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Figure 25: Low drift peak detector
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LM124, LM224x, LM324x

Typical single-supply applications

Figure 26: Active bandpass filter
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Figure 27: High input Z, DC differential amplifier
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Figure 28: Using symmetrical amplifiers to reduce input current (general concept)
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Package information LM124, LM224x, LM324x

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.

3
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LM124, LM224x, LM324x Package information

6.1 QFN16 3x3 package information

Figure 29: QFN16 3x3 package outline
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Package information LM124, LM224x, LM324x

Table 5: QFN16 3x3 mechanical data

Dimensions

Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 0.80 0.90 1.00 0.031 0.035 0.039
Al 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

3.50
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LM124, LM224x, LM324x

Package information

6.2

3

TSSOP14 package information

Figure 31: TSSOP14 package outline

D
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Table 6: TSSOP14 mechanical data

Dimensions
Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.

A 1.20 0.047
Al 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
E1l 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
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LM124, LM224x, LM324x

6.3
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S014 package information

Figure 32: SO14 package outline
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Table 7: SO14 mechanical data

Dimensions
Ref. Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.35 1.75 0.05 0.068
Al 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 | o004
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Ordering information

3

Ordering information
Table 8: Order codes

ESD

Order code | Temperature range (HBM, CDM) Vio max @ 25 °C Package Marking
LM124DT -55°Cto 125 °C 250V, 1.5 kV 5mVv so14 124
LM224ADT
800V, 1.5kV 3mVv 224A
LM224APT TSSOP14
LM224DT S014
-40 °C to 105 °C 224
LM224PT 250V, 1.5 kv 5mVvV TSSOP14
LM224QT QFN16 3x3 K425
LM224WDT 700V, 1.5 kV 224W
S014
LM324ADT
800V, 1.5 kv 324A
LM324APT TSSOP14
LM324AWDT 3mVv S014
324AW
LM324AWPT TSSOP14
700V, 1.5 kV
LM324WDT 0°Cto70°C S014
324W
LM324WPT TSSOP14
LM324DT S014 394
LM324PT 250V, 1.5 kv 5mVv TSSOP14
LM324QT QFN16 3x3 K427
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LM124, LM224x, LM324x
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Revision history

Table 9: Document revision history

Date

Revision

Changes

1-Mar-2001

1

First release

1-Feb-2005

2

Added explanation of Vig and Vi limits in Table 2 on page 4.
Updated macromodel.

1-Jun-2005

ESD protection inserted in Table 2 on page 4.

25-Sep-2006

Editorial update.

22-Aug-2013

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

Table 2: Absolute maximum ratings: updated ESD data for HBM and
MM.

10-Jun-2016

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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