74HC/HCT4316

MSH
QUAD BILATERAL SWITCHES
FEATURES T T TYPICAL
® Low “ON’ resistance: SYMBOL [ PARAMETER CONDITIONS UNIT
160 2 (typ.) at Voo — VEg = 4.5 V : HC | HCT
120 Q {typ.} at Voo — VEg = 6.0 V I turn “ON" time |
80 Q {typ.) at Voo — VEg = 9.0 V tezH | EtoVes [19 |19 |ns
® Laogic level transiation: nSto Vgg L 17 ns
to enable 5 V logic to communicate ! | turn “ON time CL=150F
with + 5 V analog signals tpzL E to Vg R( =1k 19|24 ns
® Typical ““break before make” built in 0S 10 Vs Vee =5V 16 f21 ns
. ility: -
: :)utput capab‘nhty. non-standard . ) wrn “OFFE" time ]
Cc category: MS) tPHZ Eto Vg 20 21§ ns ‘
PLZ | nSto Vg 16 |19 [ns |
GENERAL DESCRIPTION “
The 74HC/HCTA316 are high-speed Ci input capacitance 35 35 | pF |
Si-gate CMOS devices. . T
They are specified in compliance power dissipation 1
with JEDEC standard no. 7A, Ceo capacitance per switch notes 1 and 2 ’ b o
The 74HC/HCT4316 have four | .
independent analog switches. Cg max. switch capacitance 5 5 pF

Each switch has two input/output
terminals (nY, nZ} and an active HIGH
select input (nS). When the enable input
(E) is HIGH, all four analog switches are
turned off.

Current through a switch will not cause
additional V¢ current provided the
voltage at the terminals of the switch is
maintained within the supply voltage
range; Vog » (Vy, Vz) > VEE.

Inputs nY and nZ are electrically
equivalent terminals.

Ve and GND are the supply voltage pins
for the digital control inputs {E and nS).
The Ve to GND ranges are 2.0 10 10.0 V
for HC and 4.5 t0 5.5 V for HCT.

The analog inputs/outputs (nY and nZ)
can swing between Vo as a positive limit
and Vg #s a negative limit.

Veg — VgE may not exceed 10.0 V.

See the “4016" for the version without
Jogic level translation.

VEE=GND=0V;Tymp=25"City=ty=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uw):

Pp = Cpp x V¢g© x fi = S1(CL + Cg) x Vee? x fo j where:

fi = input frequency in MHz
fo = output frequency in MHz

PACKAGE OUTLINES

CL = output load capacitance in pF
Cg = max. switch capacitance in pF
Z{C + Cg) x Vcg? x T ) = sum of outputs Vg = supply voltage in V

2. For HC  the condition is Vy = GND to Vg
For HCT the condition is V| = GND to Vg ~ 1.5V

SEE PACKAGE INFORMATION SECTION
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Fig. 1 Pin configuration.
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Fig. 3 1EC logic symbol.
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74HC/HCTA4316

MSt
PIN DESCRIPTION FUNCTION TABLE
PIN NO. SYMBOL NAME AND FUNCTION INPUTS
SWITCH
1,4,10,13 1Zt0 42 independent inputs/outputs E nS
2,3, 11,12 1Y to 4Y independent inputs/outputs L "
7 E enable input (active LOW) t a gn
8 GND ground {0 V)
9 VEE negative supply voltage H X off
15,5,6, 14 1Sto 4S8 seie‘ct. inputs {active HIGH) H = HIGH voltage level
16 Vee positive supply voltage L = LOW voitage leve!

X =don't care

8
Veo
1z]1
15|18
1]z
2z|s
s)as
2vl3
=5 APPLICATIONS
LOGIC LEVEL 3zl . . .
CONVERSION Signal gating
6]3s | anpconTROL av| ® Modulation
— ® Demodulation
4z43 ® Chopper
18145
4y (112
2]E
GND VEE
B3 il 1293978
Fig. 4 Functional diagram.
nyY
10 other switches Voo —t—1—— vee
- LOGIC LEVEL
£ conversion [©
s LOGIC LEVEL
" CONVERSION
Vee
1Z91079 nZ
Fig. 5 Schematic diagram (one switch).
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Quad bilateral switches

74HC/HCTA4316

MS)

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages are referenced to Vgg = GND {(ground = 0 V}

SYMBOL PARAMETER MIN. [ MAX. [ UNIT | CONDITIONS
Vee DC supply voltage ~08 | +11.0 |V
ik DC digital input diode current 20 mA for Vi <05 VorV|>Vec+05V
tigKk DC switch diode current 20 mA for Vg < -0.6 Vor Vg > Voo + 0.5 V
tlg DOC switch current 25 mA for -0.5 V< Vg<Vgc +05V
tIEg DC VEE current 20 mA
f:CC? OC V¢ or GND current 50 mA
=IGND
Tstg storage temperature range -65 +150 [°C
Piot power dissipation per package for temperature range: -40 to +125°C
4 74HC/HCT
plastic DIL 750 mw above +70 °C: derate linearty with 12 mW/K
plastic mini-pack (SO) 500 mwW above +70 °C: derate linearly with 8 mW/K
Pg power dissipation per switch 100 mwW

Note to ratings

To avoid drawing V¢ current out of terminal Z, when switch current flows in terminals Y ,, the voltage drop across
the bidirectional switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Ve current will flow
out of terminal Y. In this case there is no limit for the voltage drop across the switch, but the voltages at Ynand Z

may not exceed Voo or Veg.

RECOMMENDED OPERATING CONDITIONS

74HC 74HCT
SYMBOL | PARAMETER UNIT | CONDITIONS
min. | typ. | max. min. | typ. | max.

Vee DC supply voltage Vo o~GND 20 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7

Vee OC supply voltage Veo—VEeg 2.0 5.0 10.0 20 5.0 10.0 v see Figs 6 and 7

A DC input voitage range GND Vee | GND Vee | V

Vg DC switch voitage range VEE Vee | VEE Vee |V

F Tamb operating ambient temperature range | -40 +85 -40 +85 | °C see DC and AC

Tamb operating ambient temperature range | -40 +126 | -40 +126 | °C CHARACTERISTICS
1000 Vee =20V

te, ty input rise and fall times 6.0 | 500 6.0 | 500 ns Vee =45V
400 vee=6.0V
250 Vee =100V
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74HC/HCT4316
MS!

17932131 7293214 1

Vge - GND
vy

T

5 — ]/Z/ / /op‘u;annqlr‘u:’,, >

2 1 AR 1o n H 4 5 8 0

vee Veg VI Vee - Vee V!
Fig. 8 Guaranteed operating area as a function of the Fig. 7 Guaranteed operating area as a function of the
supply voltages for 74HC4316. supply voltages for 74HCT4316.

DC CHARACTERISTICS FOR 74HC/HCT

For 74HC: Voo — GNDor Vg — VEg = 20,45, 60and 90V
Far 74HCT: Ve — GND = 4.6 and 5.5 V: Vg - Veg = 2.0, 4.5, 6.0 and 9.0 V

Tamb (°C) TEST CONDITIONS
: 74HC/HCT
SYMBOL  PARAMETER UNIT |vee | VEE ]IS | Vis (VI
; +25 —40 10 +85 {4010 +125 v | v lua
|
i min. | typ. | max. | min. | max. | min. | max. § |
! - - - - e |20 0 joo |, |,
R | ON resistance (peak|] 160 | 320 400 480 | Q 45 |0 {1000 ;mCC or'H
OoN ‘ pea 120 | 240 300 360 | 60 |0 {1000 {0 |
; 85 [170 215 255 | Q 45 |-45]1000 | YEE|VIL
! 160 | - | - - Q 2.0 |0 (100 v
R ON resistance rail) 80 | 160 1200 240 | Q 45 |0 1000 |, o(‘“
ON € rai 70 | 140 175 210 | Q 60 |0 (1000 | YEE |V
60 | 120 150 180 | @ 45 | -4.5{1000 iL
170 | - - - Q 20 [0 {100 v
R ON resistance (rail) 90 | 180 225 270 | Q 45 [0 [1000 |, or‘“
ON ss rai 80 | 160 200 240 | @ 80 |0 1000 | YCC |\
65 | 135 170 205 | 45 | -4.5]1000 fiL
l - Q 20 |0 Ve |V
AR maximum AON resistance .16 Q 45 |0 wCC orIH
ON between any two channels 9 Q 60 |0 v
6 Q |45 |-45 Vee | ViL

Notes to DC characteristics

1. At supply voltages {(Vcg — VEE! approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. Therefore it is
recommended that these devices be used to transmit digital signals only, when using these supply voltages.

2. For test circuit measuring Rop see Fig. 8.
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Quad bilateral switches

74HC/HCTA4316

msi

DC CHARACTERISTICS FOR 74HC

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo |VeglV) | OTHER
+25 ~40 to +85 | 4010 +125 v | v
min, | typ. | max. | min. | max. | min. | max.
1.5 | 1.2 15 1.5 2.0
VIH HIGH level input voltage 2;5 §; 3;5 2;5 v gg
6.3 |43 6.3 6.3 9.0 [
08 |05 05 0.5 20 3
ViL LOW level input voltage g; :gs :gs }gs \' gg }
43 | 2.7 2.7 27 9.0
Yee
£ input leakage current g; ;g ;g A %00 g or
. . . : GND
. ] Viy | IVsi=
218 analog switch OF F state 0.1 10 10 |ua [100]0 |or | Vcc- Vee
VL | (see Fig. 10}
. v vgli=
. analog switch ON-state 'H S
tlg current 0.1 1.0 1.0 | uA 10.0 (0 or Vee - VEE
ViL {see Fig. 11}
Vv Vis = Vggor
: 8.0 80.0 160.0 6.0 |0 cC | B
Ice quiescent supply current HA or Veei Vos =
16.0 160.0 320.0 mﬂo oo | veSor Veg
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74HC/HCTA4316

Msi

AC CHARACTERISTICS FOR 74HC
GND =0 V;t, =tg=6ns; C=50pF

Tamb {°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | VEE | OTHER
+25 —40to +85 | —401t0 +125 v | v
min.| typ. | max. [ min. | max. | min. | max.

17 |60 75 90 20 |0
tpH L/ propagation delay 6 12 15 18 ns 45 [0 Ry == C =50pF
tpLH Vig 10 Vg 5 10 13 15 6.0 [0 (see Fig. 18)

4 8 10 12 45 |-45

61 | 205 255 310 20 |0 RL =1k&;
tpzH/ turn “ON’’ time 2 |41 51 62 ns 45 |0 |C_=50pF
tpz L E E to Vg 18 |35 43 53 6.0 |0 (see Figs 19, 20

i 19 |37 47 56 4.5 |-4.5]|and21)

52 (175 220 265 20 |0 R =1k8&;
tpzH/ turn “ON"’ time 19 |35 44 53 ns 45 {0 |Cy =50pF
tpzL nS to Vg 15 |30 37 45 6.0 0 {see Figs 19, 20

17 |34 43 51 45 |-4.5|and21)

63 | 220 275 330 20 :0 Ry = 1k
tpH 2/ turn "OFF" time 23 |44 55 66 ns 45 |0 C_ =50pF
tpLz E to Vg 18 |37 47 56 6.0 /0 {see Figs 19, 20

21 [ 39 49 58 45 1-4.5|and 21)

65 | 175 220 265 20 |0 RL =1k
tprz/ turn “OFF"' time 20 (35 44 53 ns 45 |0 CL =50 pF
tpLZ nSto Vg 16 |30 37 45 6.0 (0 {see Figs 19, 20

18 |36 45 54 45 |-45|and21)
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Quad bilateral switches

74HC/HCT4316

Mmsi

DC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground = 0)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT! Voo | VEE | V) OTHER
+25 —40 to +85 | —4010+125 v v
min. | typ. | max. { min.| max. | min. | max.
45 !
Vin HIGH level input voitage 20 | 1.6 2.0 2.0 \ to
5.5
4.5
ViL LOW level input voltage 1.2 |08 0.8 08 \ to
5.5 |
!
’ Vee
£l input leakage current 0.1 1.0 1.0 BA 55 !0 or
! 1 GND
I f Vi |Vgi=
analog switch OFF-state | ; IH S'=
£lg ot i 0.1 1.0 1.0 |uA |100 i 0 or vee - VEE
! ! |L |{see Fig. 10)
I " WVgl=
. analog switch ON-state ] 'H S
tlg i ‘ 0.1 1.0 10 A [100/0 jor Voo - Ve
| V)L |fsee Fig. 11}
8.0 80.0 160.0 #55 ‘o Voo | vEE
Ice quiescent supply current p p ol uA : or cC:
16.0 160.0 320.0 50 | -5.0 GnD | Vos = Vee
‘ or Veg
additional quiescent supply .
y p 4.5 other inputs
current per input pin for Vee
dlec unit load coefficient is 1 100 | 360 450 480 | uA '5°5 0 |55y ?_;NVDCC or
{note 1) .

Note to HCT types

1. The value of additional quiescent supply current (Alcg) for a unit load of 1 is given here.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
nS 0.50
3 0.50
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74HC/HCTA4316

Msli
200 ‘ . . , [Yll?ll!
| | P

! VCF;\".SV | ’

HIGH Tg’,’ { /\j L ’ ;
{trom select inputs) " .

/{ \ —
v 100 - A . -
nz i\\ T
Vig 010 Veg-Vee Ty T ‘m‘
v T ' P

EE [ 1 !

1293080 ; H i
N Pl
o S Vig (V1 19

Fig. 8 Test circuit for measuring RoN. Fig. 9 Typical Rgp as a function of input voltage
Vig for Vig=0to Vg - VEE .
Low
{from select inputs)
Vi=Vee o Vee —'gg 5 Vo * Vee o Vee
16
Vee

7203983

Fig. 10 Test circuit for measuring OF F-state current.

HIGH —_1 >
{from select inputs)
ny oZ
V(= Vgg or Veg _®_—-o— Vg topen curcunt)

Vee
TZe39N2

Fig. 11 Test circuit for measuring ON-state current.
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Quad bilateral switches

74HC/HCT4316

Msi

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tg=6ns; C|_=50pF

Tamb (°C TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vog | VEE | OTHER
+25 —40 10 +86 | 4010 +125 v | v
min.| typ. | max. |min, | max. [ min. | max.

tpHL/ propagation delay [ 12 15 18 | ns 45 |0 Ry = C|_=50pF
LK Vig 10 Vog 4 |8 10 12 45 |-4.5|(see Fig. 18}

turn “ON’’ time 22 |44 55 66 45 |0 Ry =1kQ;
tpzH E 10 Vs 21 |42 53 83 | ™ |45 |-45|cllgopF

I turn “ON" time 28 |56 70 84 | . |45 [0 |lseeFios19.20

PZL 1 EtoVe 21 |42 53 63 | 45 |-45|and 20

turn “ON" time 20 |40 53 60 45 [0 |g =1k
vz | NS 10 Vg 17 |34 43 51 | ™ |45 |-45/¢ os0pf

turn “ON*" time 25 |s0 63 75 45 |0 |(seeFigs19.20
PZL S o Vg 17 (34 43 s1 | ™ |45 |-45/2nd2D)

! RL =1k
tpHZ/ turn “OFF* time 25 |50 83 75 . |45 [0 lc =50pF
Lz £ to Vg 23 |48 58 69 45 |-4.5| (see Figs 19, 20

and 21}

R =1kQ;
tpHZ/ turn “OFF* time 22 |44 55 6 | .. |45 |0 |cL=50pF
Lz S to Vg 20 |40 50 60 4.5 |-45| isee Figs 19, 20

and 21)

September 1993

979



74HC/HCT4316
msi

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT
Recommended conditions and typical values

GND =0 V; Tamp = 25°C

V v Vis(p—
SYMBOL | PARAMETER wp. | uniT | VGG | VEE | Viste—p) | o0 irions
\ \4 \J
sine-wave distortion 080 | % 225 | -225 |40 RL=10kQ;Cy =50pF
f=1kHz 040 | % 45 -45 (80 (see Fig. 14)
sine-wave distortion 240 | % 225 |-225 |40 RL = 10k§2; Cy =60 pF
f=10kHz 120 | % 45 -45 |8.0 (see Fig. 14)
switch “OFF" signal -50 |d8 225 (-226f o4 R =600 %;Cy =50pF
feed-through -50 dB 45 -45 (see Figs 12 and 15)
crosstalk between -60 |dB 225 (-225( o, R =600 $:C =50pF;
any two switches -60 |[dB 4.5 -45 f =1 MHz; (see Fig. 16}
Ry =600%;Cy =50pF;
crosstalk voltage between f=1MHz {E or n§,
Vip—p) control and any switch 110 mV 4.5 o square-wave between Vor
(peak-to-peak value) 220 mV 45 -45 and GND, t, =1¢ = 6 ns)
(see Fig. 17}
f minimum frequency response 150 MHz 1226 |-235| ., R =508;C_=10pF
max {(-3dB) 160 MHz |45 -45 (see Figs 13 and 14)
Cs maximum switch capacitance 5 pF

Notes to AC characteristics

General note

Vig is the input voltage at an nY or nZ terminal, whichever is assigned as an input.

Vs is the output voltage at an nY or nZ terminal, whichever is assigned as an output.

Notes

1. Adjust input voltage Vg to 0 dBm level {0 dBm = 1 mW into 600 £2}.
2. Adjust input voltage Vig to 0 dBm level at Vg for 1 MHz {0 dBm =1 mW into 50 Q).

7291048
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Fig. 12 Typical switch "OFF" signal
feed-through as a function of frequency.
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Quad bilateral switches 74HC/HCT4316

msi

7293800

5 T T T H
TT] B ‘; ] L T Note to Figs 12 and 13
‘ i T Test conditions:
. Vec=45V.GND=0V:Vgg=-45V;
o8y 1 RL =50 Q2 Rsource = 1 k2.
! i ;
H] [ i
o
o | T\\\ H
T T
! i :
L :
| iR N
R : 1 M NS T
NN ‘ ! H IR il Fig. 13 Typical frequency response.
10 101 103 0t 0% e 100
vy — o8 Vis o8
10 uF AN
channai channet
ON GND OFF GNO
77939841 72339851
Fig. 14 Test circuit for measuring sine-wave Fig. 15 Test circuit for measuring switch “OFF"’
distortion and minimum frequency response. signal feed-through.

01

otur [>l<] [>L<]
aYinZ 0Z/ny aY/inZ aZinY
Vie < [ ) —o [ ] v

A AL =¢
channml T t ehannm L L @)

GND

GND
* 2293986.2

{a) (b}

Fig. 16 Test circuit for measuring crosstalk between any two switches.
{a} channel ON condition; (b} channel OFF condition.

Vee nSor Vee
l Note to Fig. 17
2Ry 2Ry The crosstalk is defined as follows
avinZ aZiny {oscilloscope output):
out
ELN 2R :L CL asciliowcope
—
] GND -A—JV—_ Vigg

v ¢
- 7293988.2 ee 1797949 —

Fig. 17 Test circuit for measuring crosstalk between

control and any switch.
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74HC/HCTA4316

MSI
AC WAVEFORMS
Viy INPUT
n§ INPUT
Yoy OUTPUT Vag OUTPUT
12912491
Fig. 18 Waveforms showing the input (Vis) to output Vo OUTPUT
(Vgs) propagation delays.
1TRI08T 1
€ INPUT
Vgy OUTPUT
Vyq OUTPUT

12039891

Fig. 19 Waveforms showing the turn-ON and
turn-OFF times.
Notes to Fig. 19

(1) HC : Vp =50%; V) = GND to V.
HCT: V\=13V;Vy=GNDtod V.
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Quad bilateral switches

74HC/HCT4316

MmSI
TEST CIRCUIT AND WAVEFORMS
!
0% v AMPLITUDE
Vee Vis Vee NEGATIVE
INPUT M
PULSE
v, Vos R='_J 10% av

‘ PULSE L - e ¢ e

GENERATOR DUT. & oc aoen trutte TLhite

Ry L SWITCH - |<-lyLnl(,' truy t) -! |'- APLITUOE
i POSITIVE s0%
GND (NPUT A
7293981 vee PULSE 0% oy
W 1287476.1

Fig. 20 Test circuit for measuring AC performance. Fig. 21 Input pulse definitions.

Conditions

TEST SWITCH Vis o tt

FAMILY | AMPLITUDE | Vi p

tPZH VEE Vee max;

vzL | Vec VEE puLSE wiDTH | OTHER

tPHZ VEE Vee

tPLZ vVee VEE 74HC vee 50% | <2ns 6 ns

others | open puise 74HCT | 30V 13V|<2ns 6ns

CL=

values}.

[

I

duty factor.

Definitions for Figs 20 and 21:

load capacitance including jig and
probe capacitance
{see AC CHARACTERISTICS for

Rt = termination resistance should be equal
to the output impedance Zg of the
pulse generator,

tf = 6 ns; when measuring fp 5y, there
is no constraint on tr, ty with 50%
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