National
Semiconductor

CD4093BM/CD4093BC Quad :!-Input NAND

Schmitt Trigger

General Description

The CD4093B consists of four Schmitt-trigger circuits.
Each circuit functions as a 2-input NAND gate with
Schmitt-trigger action on both inputs. The gate switches
at different points for positive and negative-going signals.
The difference between the positive (VT+) and the nega-
tive voltage (VT~) jS defined as hysteresis voltage (VH).

All outputs have equal source and sink currents and
conform to standard B-series output drive (see Static
Electrical Characteristics).

Features

a Wide supply voltage range 3.0Vto 15V

a Schmitt-trigger on each input with no external
components

0 Noise immunity greater than 50%
a Equal source and sink currents

Connection Diagram

Dual-In-Line

m No limit on input rise and fall time
n Standard B-series output drive

m Hysteresis voltage (any input) TA=:25°C

Typical VDD = 5.0V
VDD = 10V
VDD = 15V
Guaranteed

Applications

Wave and pulse shapers
High-noise-environment systems
Monostable multivibrators
Astable multivibrators

NAND logic

S 9 9 9

Package
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VH= 15V

VH=22V
VH= 27V

vh = o.iv dd
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CD4093BM/CD4093BC

Absolute Maximum Ratings Recommended Operating Conditions
(Notes 1and 2) (Note 2)

DC Supply Voltage (Vqq) -0.5 to +18 Vqc Vqq dc Supply Voltage 3to 15 VDC
Input Voltage (V|[\]) -0.5toVgg +05Vqc V||\| Input Voltage OtO Vgq Vgc
Storage Temperature Range (Tg) -65°C to +150°C T/\ Operating Temperature Range

Package Dissipation (Pq) 500 mwW CD4093BM -55°C to +125°C
Lead Temperature (Soldering, 10 seconds) (T|.) 300°C CD4093BC -40°C to +85°C

DC Electrical Characteristics cd4098om (Noe2)

-55°C 25°C 125°C

PARAMETER CONDITIONS UNITS
MIN MAX MIN TYP MAX MIN MAX
edd Quiescent Device Current Vagq =5V 0.25 0.25 7.5 JuA
Vqq = 10V 0.5 05 15.0 ma
Vqgq = 15V 1.0 1.0 30.0 AA
VoL Low Level Output Voltage VIN =Vqq, Ilo K 1*A
Vaqq =5V 0.05 0 0.05 0.05 Vv
*Vaqq =10V 0.05 0 0.05 0.05 \
Vqggq =15V 0.05 0 0.05 0.05 \2
VOH High Level Output Voltage VIN =Vgg, Ilo K 17MA
VDD =5V 4.95 4.95 5 4.95 A
Vgq=10V 9.95 9.95 10 9.95 \
Vaq =15V 14.95 14.95 15 14.95 Vv
vT- Negative-Going Threshold Voltage 10 1< 1mA
(Any Input) VDD " 5V, Vo =4.5V 13 225 15 18 2.25 15 2.3 v
Vagg =10V, VO =9V 2.85 4.5 3.0 4.1 4.5 3.0 4.65 \
Vagd =15V, Vo =135V 4.35 6.75 4.5 6.3 6.75 45 6.9 Vv
Vit+ Positive-Going Threshold Voltage Ilo K 1™A
(Any Input) Vagq =5V, Vo =0.5V 2.75 3.65 2.75 3.3 3.5 2.65 3.5 \%
Vggq =10V, VO =1V 55 7.15 5.5 6.2 7.0 5.35 7.0
Vqq - 15V, Vo = 1.5V 8.25 1065 825 9.0 105 8.1 105 v
Vh Hysteresis (Vj+ - Vj-) Vaq =5V 05 2.35 0.5 15 2.0 0.35 2.0 v
(Any Input) Vqq =10V 1.0 4.30 1.0 2.2 4.0 0.70 4.0
Vaggq =15V 15 6.30 15 2.7 6.0 1.20 6.0 \
<OL Low Level Output Current VIN =Vaqq
VDD =5V, VO - 0.4V 0.64 051 0.88 0.36 mA
Vaq - 10V, Vo =0.5V 16 13 2.25 0.9 mA
Vaq =15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA
‘OH High Level Output Current VIN =Vss
Vgg =5V, Vo =4.6V -0.64 0.51 -0.88 -0.36 mA
Vg =10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA
Vqq =15V, Vo = 13.5V -4.2 -3.4 -8.8 2.4 mA
1IN Input Current Vqq =15V, V|N =0V -0.1 -10~5 -0.1 -1.0 fiA
Vagq =15V, V|N = 15V 0.1 10~5 0.1 1.0 AtA

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply
that the devices should be operated at these limits. The table of "Recommended Operating Conditions™ and "Electrical Characteristics” provides
conditions for actual device operation.

Note 2: Vgg =0V unless otherwise specified.
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AC Electrical Characteristics ta=25°,cu=50pF, rl=2o0k, input tr, tf=20ns,

Electrical Characteristics cd408oc (Ndte 2)

PARAMETER

Quiescent Device Current

Low Level Output Voltage

High Level Output Voltage

Negative-Going Threshold Voltage
(Any Input)

Positive-Going Threshold Voltage
(Any Input)

Hysteresis (Vj+ - Vj-)
(Any Input)

Low Level Output Current

High Level Output Current

Input Current

PARAMETER

Propagation Delay Time

COND
VDD =5V
vDd =iov
Vdd =15V

vin =vdd.
Vdd =ov

vDd =iov

vDd =15V
VIN =Vss.
v Dd =5V
v Dd =iov
v Dd =15V
il0 o< 1mA
VdaD =5V,
vdd =iov,
Vdd =15V,
lioi< 1Ra
vdd =5V,
vdd =iov,
vdd =15V,
vDd =5v
vDd =iov
v Dd =15V
Vin =Vdd
vdd =sv,
vdd =iov,
vdd =15V,

vin =Vss

VDD =5V,
Vdd =10V,
Vdd =15V,
vdd =15V,
Vdd =15V,

ITIONS

iioi< ima

HoK 1M

V0 =4.5V
v0 =9v
VO =13.5V

vO0 =o0.4v

Vo =o0.5V
va = 1.5V
Vo =4.6V
VO =9.5V
Vo =13.5V
vin =0V

VIN = 15V

-40°C
MIN MAX
1.0
2.0
4.0
0.05
0.05
0.05
4.95
9.95
14.95
1.3 2.25
2.85 4.5
4.35 6.75
2.75 36
5.5 7.15
8.25 10.65
0.5 2.35
1.0 4.3
1.5 6.3
0.52
1.3
3.6
-0.52
-1.3
-3.6
-0.3
0.3

unless otherwise specified.

tpHL. tPLH
tTHL. *TLH Transition Time

CIN Average Input Capacitance
CPD Power Dissipation Capacitance

CONDITIONS

VDD
v Dd
Vdd
VDD
v Dd

v Dd

=5V
=iov
=15V
=5V
=iov

=15V
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MIN

MIN

4.95
9.95
14.95

15
3.0
4.5

2.75
55
8.25

0.5
1.0
15

0.44
11
3.0

-0.44
-1.1

-8.0

25°C
TYP

15

1.8
4.1
6.3

3.3
6.2
9.0

1.5
2.2
2.7

0.88
2.25
8.8

-0.88
-2.25
-8.8
-10-5
10-5

300
120
80
90
50
40
5.0

24

MAX

1.0
2.0
4.0

0.05
0.05
0.05

2.25
4.5
6.75

3.5
7.0
10.5

2.0
4.0
6.0

-0.3
0.3

+85°C
MIN MAX
7.5
15.0
30.0
0.05
0.05
0.05
4.95
9.95
14.95
1.5 2.30
3.0 4.65
4.5 6.9
2.65 3.5
5.35 7.0
8.1 10.5
0.35 2.0
0.70 4.0
1.20 6.0
0.36
0.9
2.4
-0.36
-0.9
-2.4
-1.0
1.0
MAX
600
300
240
200
100
80
7.5

UNITS

ma

aa

mA
mA
mA

mA
mA
mA

JuA
juA

UNITS

ns
ns
ns
ns
ns

ns
pF

pF
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CD4093BM/CD4093BC

Typical Applications

Gated Oscillator

rzE>>T 'Y voo-

—va—l

Assume t§ +t2 » tpHL +tpi_H then:
tQ = RC fin [Vdd/vT-1
tj = RCfin [(Vap —V j)/(Vdd + Vy+)]
t2 = RC fin [Vj +/Vj_]
1 1

tj +t2 (Vi +)(Va0 —V-]-)
RC

(Vi_)(Vaag - Vj+)

Gated One-Shot

(a) Negative-Edge Triggered

VD

(b) Positive-Edge Triggered
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Typical Performance Characteristics

Typical Transfer
Characteristics

Vnn =15V, *i.
- s
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INPUT VOLTAGE (V)

Guaranteed Trigger Threshold
Voltage vs Vqd

VDD<V)

Guaranteed Hysteresis vs Vpp

5 10 15

vDD(v)

Guaranteed Hysteresis vs Vpp

VDD (V)

Input and Output Characteristics

Output Characteristic Input Characteristic

.LOGIC "1" OUTPUT

REGION
VDD
Vo /LOGIC "1" INPUT/
VDD A REGION "
VIHMIN) :VT-t—(MIN)W—W1 VNMH- ////////////
VIL(MAX) =VT-(MAX) = VNM L =-nmmmremmmmeenec YN
zy//// LOGIC "0" INPUTY /y//
v, region yyyr

vorl
Vss “

LOGIC "0" OUTPUT
REGION

VNML =V iH(MIN)* vOL s VIH(MIN) =VT+(MIN)
VNMH =Vgh- VIL(MAX) s VDD - VIL(MAX) =VDD * VT-(MAX)

AC Test Circuits and Switching Time Waveforms
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