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Advance Information

Analog Multiplexers/

Demultiplexers
High-Performance Silicon-Gate CMOS

The MC54/74HCA051, MC54/74HC4052, and MC54/74HC4053 utilize silicon-gate
CMOS technology to achieve fast propagation delays, low ON resistances, and low
OFF leakage currents. These analog multiplexers/demuitiplexers control analog volt-
ages that may vary across the complete power supply range (from Vgg to VEE).

The HC4051, HC4052, and HC4053 are identical in pinout to the metal-gate
MC14051B, MC14052B, and MC14053B. The Channel-Select inputs determine which

one of the Analog Inputs/Outputs is to be connected, by means of an analog switch,

to the Common Output/input. When the Enable pin is high, all analog switches are
turned off.

The Channel-Select and Enable inputs are compatible with standard CMOS out-
puts; with pullup resistors, they are compatible with LSTTL outputs.

These devices have been designed so that the ON resistance {Rgp) is more linear
over input voltage than Rop of metal-gate CMOS analog switches.

For muftiplexers/demultiplexers with channel select latches, see HC4351, HC4352
and HCA4353.

MC54/74HC4051
MC54/74HC4052
MC54/74HC4053

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-06

DW SUFFIX
SoIc
CASE 751G-01

ORDERING INFORMATION

MC74HCXXXXN Plastic
MCB4HCXXXXJ Ceramic
MC74HCXXXXDW  SOIC

@ Fast Switching and Propagation Speeds
@ Low Crosstalk Between Switches Ta=—55° to 125°C for all packages.
® Diode Protection on All Inputs/Outputs Dimensions in Chapter 7.
® Analog Power Supply Range (Vg —VEE) =20 t0 120V
® Digital {Control) Power Supply Range {Vgcc—GND}=2.0t0 6.0V
@ Improved Linearity and Lower ON Resistance than Metal-Gate Counterparts
@ Low Noise i PIN ASSIGNMENT
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC54/74HC4051
@ Chip Complexity: HC4051—184 FETs or 46 Equivalent Gates Xad
HC4052—168 FETs or 42 Equivalent Gates
HC4053—156 FETs or 39 Equivalent Gates X6g
Xt
X71]
LOGIC DIAGRAM X5t
MC54/74HC4051 enaLEd
Single-Pole, 8-Position Plus Common Off
Vel
.
X0 13 GNDI
X1 L
15
X2 == MULTIPLEXER] FUNCTION TABLE
12
ANALOG § X371 [LpMUITIPLEXER | g3 x COMMON MCE4/74HCA051
INPUTSIOUTPUTS X4—1<—>- OUTPUTIINPUT Control Inputs
X_r,_i‘_»_ - Select ON Channels
X6~ c B A
| x7-te] L |t b L X0
A YL L E— PIN 16=Vpe '[ I[ ; ': Q
. PiN 7=V
CHANNEL. ISNErl;[EJg{ B 10 PIN §=GND L L H H X3
¢ 9 L H L L X4
. 6 L H L H X5
ENABLE L H H L X6
L H H H X7
H X X X None
X=don't care
This d ins inf fon on a new prod Spacifications and information hereln are subject to change without notice.
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MC54/74HC4052
Double-Pole, 4-Position
Plus Common Off

LOGIC DIAGRAM PIN ASSIGNMENT

12 . Yogie 16 Vee
mhid . ' : gz  spx
" 13y Y3 1hxt
%2 V2] X SWITCH - -
11 vags 137X
X Y1 121 xe
maos ) - _ | __ 4 _ COMMON §
INPUTSIOUTPUTS ; DUTPUTSAINPUTS ENABLE [ 6 11px3
Y0 — ]
n = Vee g7 1004
2 ¥ SwiTcH >3y oo 8 ofis
Y2 ———
134 e i FUNCTION TABLE
10 T
channeLseect § A Control Inputs
inpuTS | g -2 Select
. Enabl ON Channsls
8 Vee=PIN 16 B
ENABLE VEg=PIN 7
Ghb =P 8 L LiL] Yo xo
= L LIH] Y1 X1
L [H|L[ Y2 x
L H|{H| vY3 x3
H X | X None
X=Don’t Care
MC54/74HC4053
Triple Single-Pole, Double-Position
Plus Common Off
LOGIC DIAGRAM PIN ASSIGNMENT
vidie  16pvee
( x0 2] 4. ] vor2 Y
13 X SWITCH )
X1~ Fall: K upx %
—-—— -1 - == = - - — - 204 13X
2
Y0 ——-—]
ANALOG | ) Y SWITCH x5y {COMMON 200s 12 A X0
INPUTSIQUTPUTS || ¥ ——ettp—i CUTPUTSIINPUTS ENABLEQ 6 nha
- _——— T — - = = -~ — = Veed7 whs
20 > 4 GND 8 spc
3 7 SWITCH 7
. z' P
1" FUNCTION TABLE
' G P :
t
CHANNELSELECT } 5 10 l Control Inputs
INPUTS c 9 ’ . Select ON Ch .
LB Vog=PIN 16 cC B A
ENABLE Ve PIN 7
EE L L L L{2Z20 Yo X0
GND=FIN 8 L L L H|{2z0 Yo X1
L L H L|[20 Y1i Xo
L L H H|20 Yt Xt
L H L L[zt Yo X0
NOTE: This device allows indspendent contro! of each switch. Channel-Select Input L H L H|Zt Yo Xt
A controls the X Switch, Input B controls the Y Switch, and Input C controls L H H LjiZl Y1 X0
the Z Switch. L H H H|[z1 v X
H X X X None

X=Don't Care
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MAXIMUM RATINGS*

Symbo! Parameter Value Unit
Voo | Positive DC Supply Voltage  {Ref. to GND) -0.5t0 +7.0 v
(Ref. to VEg) —-0.5to 14.0
Vgg | Negative DC Supply Voltage {Ref. to GND) ~7.0to +0.5 Vv
Vis {Analog Input Voltage Vge—05to Vee+06 | V
Vin | Digital Input Voltage (Ref. to GND) -15toVee+1.6 \J
i DC Cuirent Into or Out of Any Pin +25 mA
Pp |Power Dissipation in Still Alr mwW
Plastic or Ceramic DIPt 750
80IC Packaget 500
Tstg | Storage Temperature —65 to +160 °C
TL Lead Temperature, 1 mm from Case for °C
10 Seconds (Plastic DIP or SOIC Package) 260
{Ceramic DIP} 300

This device contains protection circuitry
to guard against damage due to high static
voltages or electric fields. Howaever,
precautions must be taken to avoid
applications of any voltage higher than
maximum rated voltages to tris high-
Impedance circuit, For propar operation, Vin
and Vgyt should be constrained to the
ranges indicated in the Recommended
Operating Conditions.

Unused digital input pins must be tied to
an appropriate logic voltage level {e.g.,
sither GND or Vcc). Unused Analog 1/0
pins may be left open or terminated. See
Applications Information.

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tPower Dissipation Temperature Derating:
Plastic “N” Package: — 10 mW/°C from 65° to 85°C
Ceramic *J" Package: 10 mW/°C from 100° to 125°C
SOIC “D" Package: —7 mW/°C from 65° to 85°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee Positive DC Supply Voitage (Ref. to GND) 20 6.0 \
(Ref. toVgg) | 20 | 120
VEE Negative DC Supply Voltage (Ref. to GND} | -6.0 GND \Z
Vis Analog Input Voltage VEE vee \
Vin Digttal Input Voltage (Ref. to GND) GND vee v
Vio* | Static or Dynamic Voltage Across Switch — 1.2 \
TA Operating Temperature, All Package Types ] +126 °Cc
tr, % Input Rise and Fall Time, Vee=2.0V 0 1000 ns
{Channel Select or Enable Vec=46V 0 500
Inputs) Vec=6.0V 0 400

*For voltage drops across the switch greater than 1.2 V {switch onl, excessive Vg current
may be drawn; i.e., the current out of the switch may contaln both Vg and switch
input components. The reliability of the device will be unaffected unless the Maximum

Ratings are exceeded.
DC ELECTRICAL CHARACTERISTICS Digital Section {Voltages Referenced to GND) Vgg=GND, Except Where Noted
v Guaranteed Limit
Symbol Parameter Test Conditions cc o Unit
v vV | BCto | g5ec | st28°C
-b65°C
ViH Minimum High-Leve! Input Ron="Per Spec 2.0 1.5 1.5 1.6 v
Voltage, Channel-Select or 4.5 3.15 3.15 3.16
Enable Inputs 6.0 4.2 4.2 4,2
ViL Maximum Low-Level Input Ron=Per Spec 2.0 0.3 03 0.3 \'
Voltage, Channel-Select or 4.5 0.9 0.9 0.9
Enable Inputs 6.0 1.2 1.2 1.2
tin Maximum Input Leakage Current, | Vin=V¢g or GND, VEg=~6.0V 6.0 +0.1 +1.0 +1.0 RrA
Channel-Select or Enable Inputs
Ice Maximum Quiescent Supply Channel Select=Vgc or GND . A
Current {per Package) Enable=Vgc or GND
Vig=Vce or GND
Vio=0V Vgg=GND| 6.0 2 20 40
Vgg=—6.0] 6.0 8 80 160

NOTE: Information on typical parametric values can be found in Chapter 4.
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DC ELECTRICAL CHARACTERISTICS Analog Section

0080619 & rD’T-S\—\l

N Guaranteed Limit
Symbol P; te Test Conditions Vi V| Unit
ymbol arameter est Con n cc EE | 25°C to <85°C | s1°C
-85°C
Ron | Maximum “ON" Rest: Vin=V|L or Vi 4.5 0.0 190 . 240 280 Q
Vis=Vgc to VEg 45 | ~-45 120 150 170
i 15 =2.0 mA {Figures 1, 2) 6.0 | —-6.0 100 1256 140
h Vin=VjL or Vi 4.5 0.0 160 190 230
Vis=Vcc or Vgg (Endpoints) | 45 | —-45 100 125 140
15 =2.0 mA (Figures 1, 2) 6.0 | —-6.0 80 100 115
ARgp | Maximum Difference in “ON" Vin=V|L or Vi 4.5 0.0 30 35 40 Q
Resistance B 1 Any Two Ch Is | Vis=1/2 (Vce - VER) 45 | -45 12 15 18
in the Same Package 152.0 mA 6.0 | ~-6.0 10 12 14
loff Maximum Off-Channel Leakage . Vin=Vj_ or Vi A
Current, Any One Channel Vio=Vcec—-VEe 6.0 | -6.0 0.1 0.6 1.0
Switch Off (Figure 3)
Maximum Off-Channel Leakage Vin=Vj_ or Vi4
Current, Common Channe! Vio=Vcc~VEE
HC4051 | Switch Off (Figure 4) 6.0 | —-6.0 0.2 2.0 4.0
HC4052 | 60 | -6.0 0.1 1.0 2.0
HC4053 6.0 | —-6.0 0.1 1.0 2.0
fon Maximum On-Channel Leakage Vin=ViL or V| A
Current, Channel to Channel Switch to Switch=Vgc - VEg
. HC4051 | (Figure 5) 6.0 | —6.0 0.2 2.0 4.0
HC4052 60 | —6.0 0.1 1.0 2.0
HCA4053 60 | —-6.0 0.1 1.0 2.0
AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input ty=t§=6 ns)
v Guaranteed Limit
- cc
Symbol ) Parameter v 25°C to <gs°C | =128°C Unit
~65°C
tPLH, | Maximum Propagation Delay, Channel-Selact to Analog Output 2.0 370 465 650 ns
tPHL (Figure 9) : 4.5 74 a3 110
6.0 63 79 94
tPLH, | Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 € ns
tPHL (Figure 10) 4.5 12 15 18
6.0 10 13 15
tpLz, | Maximum Propagation Delay, Enable to Analog Output 2.0 230 364 430 ns
tPHZ (Figure 11) 4.5 58 73 86
6.0 49 62 73
tpzL, |Maximum Propagation Delay, Enable to Analog Output 2.0 345 435 615 ns
tpzH (Figure 11) 4.5 69 87 103
6.0 ] 74 87
Cin Maximum Input Capacitance, Channel-Select or Enable Inputs — 10 10 10 pF
Cjy0 |Maximum Capacitance Analog 1/0 | All Switches Off = 35 35 35 pF
Common O/1: HC4051 - 130 130 130
HC4052 80 80 80
HC4053 50 50 50
Feadthrough ~ 1.0 1.0 1.0
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpp | Power Dissipation Capacitance {Per Package) (Figure 13} Typical @ 25°C, Voe=5.0V, VEg=0V
Used to determine the no-load dynamic power consumption:
Pp=Cpp Vgc2f+ice Vee 45 {HC4051) pF
For load considerations, see Chapter 4, 80 (HC4052)
45 (HC4053)
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ADDITIONAL APPLICATION CHARACTERISTICS (GND=0.0V)

pE]j 367252 D080L20 E I o=

v v Limit*
Symbol Parameter Test Condition sc ‘E,E 25°C Unit
64/74HC
BW | Maximum On-Channel Bandwidth or fin=1 MHz Sine Wave 61 62 B3 | MHz
Minimum Frequency Response Adjust fir, Voltage to Obtain 0 dBm at Vog
(Figure 6) Increase fip, Frequency Until dB Meter 226 | -2.25]| 80 95 120
Reads -3 dB 460 | —4.50| 80 95 120
R =501, C =10pF| 6.00 | -6.00| 80 95 120
- Off-Channel Feedthrough Isolation fin= Sine Wave dB
(Figure 7) Adjust fi, Voltage to Obtain.0 dBm at Vig
fin=10 kHz, R_ =600 0, C; =60 pF| 2.26 | —-2.25 —-50
450 | —4.50 —-B60
6.00 | —6.00 —60
fin=1.0 MHz, R_ =50 @, C_ =10 pF| 2.25 | -2.25 -40
4.50 | —4.50 -40
- 6.00 | —6.00 —40
- Feedthrough Noise, Channel Select Input | Vi, =1 MHz Square Wave mVpp
{tr=t;=6 ns) ’
to Common O/I Adjust R at Setup so that Ig=0 A
(Figure 8) Enable=GND 225 | -2.25 %
RL=6000, C_=60pF| 460 | —4.50 106
6.00 | —6.00 135
RL=10kfl, C_=10pF| 2.26 | -2.25 B
. 450 | —4.50 145
6.00 | ~6.00 190
- Crosstak Between Any Two Switches fin = Sine Wave dB
(Figure 12) Adjust i, Voltage to Obtaln 0 dBm at V|g
{Test does not apply to HC4051) fin=10kHz, R =600 @, C =50 pF 225 | -2.25 -50
450 | —4.50 -50
6.00 | —6.00 —50
fin=1 MHz, Ry =50 @, C{ =10 pF 2,26 | -2.25 -60
450 | —4.50 -60
6.00 { -6.00 —60
THD | Total Harmonic Distortion fin=1kHz, R =10k, C{ =50 pF %
(Figure 14) THD = THDMeasured — THDSource
Vig=4.0 Vpp sinewave| 2.25 | —2.25 0.10
Vig=8.0 Vpp sine wave | 4.60 | —4.50 0.08
Vig=11.0 Vpp sine wave | 6.00 | —6.00 0.05

*Limits not tested. Determined by design and verified by qualification.
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Vis. INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg

Figure 1a. Typical On Resistance, Voo —-VEE=2.0V
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Figure 1c. Typical On Resistance, Vee—-VEE=6.0V
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Figure 1e. Typical On Resistance, Vee-VEE=120V

MOTOROLA HIGH-SPEED CMOS LGIC DAT.

Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg

Figure 1b. Typical On Resistance, Voo — VEE=4.5 V
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Figure 1d. Typical On Resistance, Voc—VEE=9.0 V
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Vcc Lk

v
__fVcc ! m _J cc

Vee | ANALOG 10
OFF
Voo 1‘ [ o
COMMON 0N OFF COMMON Ot

Vil ~—————— i7i

It
VieEY =

Figure 3. Maximum Off Channel Leakage Current, i Figure 4. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up Common Channel, Test Set-Up

Vioh
Vee — hvee 16__1 05 :
Lo ® : 0.1 oF
! | fin o—||——| oN { 48

)
Vee g', m CanmoR ane e

L -
vech ANALOG 1j0 x| sk
V| 16 s 6 =
7
8
[ :
VEEY = : VEEY =
Figure 5. Maximum On Channel Leakage Current, *|ncludes all probe and jig capacitance.
Ghannel to Channel, Test Set-Up Figure 6. Maximum On-Channel Bandwidth,
Test Set-Up
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Veg
Vis __T
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16
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fno— i J_ ieren [ :__‘W"_" [ ONOFE| | coMMON 01 e
Ry ol < ANALOG 1f0 POINT
R =
6 1 1 B . I
7 8 - -
8 Vs Mz K “ Yoo
Ve y L : tr=t{=6ns Vee
= Ver — =
ViL or Viy - CHANNEL SELECT _ | sﬁ;[; | | | l CHANNEL SELECT
*{ncludes all probe and jig capacitance. *Includes all probe and jig capacitance.
Figure 7. Off-Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to

Test Set-Up . Common Out, Test Set-Up
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- = vee
Ve m COMMON 0/t TEST
" ANALGG 10 I o PONT
v [ [ oFion | .
CHANNEL SELECT 50% o = l
\ GND : ‘75
Ll tpHL 8
ANALOG OUT 50% =
I I I I CHANNEL SELECT
Figure 9a. Propagation Delays, ¥Includes all proba and fig capacitance.
Channel Select to Analog Out Figure 9b. Propagation Delay, Test Set-Up Channel
Sefect to Analog Out
Vee
16
— Voo | I I | __ ANALOG 10 | COMMON O qper
ANALOG IN 50% | POINT
GND oL
tpLH tpHL 6 :__L
ANALOG OUT g

Figure 10a. Propagation Delays,
Analog In to Analog Out
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Figure 11a. Propagation Delays,
Enable to Analog Out
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MOTOROLA HIGH-SPEED

*{includes all probe and jig capacitance.

Figure 10b. Propagation Delay, Test Set-Up
Analog In to Analog Out
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Figure 11b. Propagation Delay, Test Set-Up
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Figure 12. Crosstalk Between Any Two Switches,

Test Set-Up Figure 13. Power Dissipation Capacitance, Test Set-Up
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Figure 14a. Total Harmonic Distortion, Test Set-Up Figure 14b. Plot, Harmonic Distortion
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APPLICATIONS INFORMATION

The Channel Select and Enable control pins should be at
Vg or GND logic levels. Vo being recognized as a logic
high and GND being recognized as a logic low. In this example:

Vee = +5 V=logic high
GND =0 V=logic low

The maximum analog voltage swings are determined by the
supply voltages Vcc and Vgg. The positive peak analog volt-
age should not exceed V. Similarly, the negative peak an-
alog voitage should not go below VEE. In this example, the
difference between V¢ and VEE is ten vaits. Therefore, using
the configuration in Figure 15, a maximum analog signal of

+5V
+5V— o — 45V
/\ ANALOG P ANALOG /\
\/ SIGNAL | L—. | SIGNAL \/
—-5Y
6 11—} 7o exTeRNAL
7 10b— ¥ cMoS CIRCUITRY

0 70 5 V DIGITAL
8 8—) sichaLs

-5VY =

Figure 15. Application Example

+5V
+5V—/\ 16 |

ANRLOSY I oniorr
\/ signa| L— ['sienaL \/
Vgg — \ +5Y — Ve

AAA

LSTTLINMOS
CIRCUITRY

I—7 10
e
VeEy = L

*2K=R=10K =

a. Using Pull-Up Resistors

ten volts peak-to-peak can be controlled. Unused analog in-
puts/outputs may be left floating (i.e., not connected). How-
ever, tying unused analog inputs and outputs to V¢ or GND
through a low value resistor helps minimize crosstalk and
feedthrough noise that may be picked-up by an unused switch.
Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that:

Vcec—GND =2 to 6 volts
VEE—~GND =0 to —6 volts
Vee—-VEE=2 to 12 volts
and VEg=<GND

When voltage transients above V¢ and/or below VEE are
anticipated on the analog channels, external Germanium
or Schottky diodes (Dy) are recommended as shown in
Figure 16. These diodes should be able to absorb the maximum
anticipated current surges during clipping.

Voo
Vee vee
Dy 16 Dx
{onmee
{ovorr }
Dy 0,
Vee VEE

8
VEE J__

Figure 16. External Germanium or Schottky
Clipping Diodes

+5V

L.

+5V— © — 45V
/\ ANALOG| ——1 |amALoG Z \
\/ Ty i Ty
Vee— Fe—n - Vg
§ |
) I i <| ] | *+(5v
AN G
LSTTLINMOS
L] el B oy et
8 A |
ViE Y = | HeT | 4
LBUFFER

b. Using HCT Interface

Figure 17. Interfacing LSTTL/NMOS to CMOS Inputs
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FUNCTION DIAGRAM, HC4051

6 LEVEL I )o °D TE )
ENABLE o > SHFTER )

SHIFTER
| § l )°—°‘>_le n%—” X
10 LEVEL Du- > E l ) 5 .,
8 SHIFTER | ,——iD @
[
SHIFTER
D Do

FUNCTION DIAGRAM, HC4052

10 LEVEL ————-jD—‘ 12
A SHIFTER j )D °D 12 % = X0
] ’ LEVEL 15
B SHIFTER ‘i )" of> 1 B 'E % = X2
8 TEVEL . 1

Sy TR L s tem TR, ST

MOTOROLA HIGH-SPEED CMOS LOGIC DAT.
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