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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

General Description

The MAX4564 is a low-voltage, dual-supply, single-
pole/double-throw (SPDT) analog switch designed to
operate from dual £1.8V to +6V or single +1.8V to
+12V supplies. The low on-resistance (RoON = 40Q at
+5V) and low power consumption (5uW) make this part
ideal for audio, video, and battery-powered applica-
tions. This switch offers low leakage currents (1nA
max) and fast switching speeds (toN = 60ns and tOFF
= 40ns at +5V, max).

The MAX4564 is a second source to the Toshiba
TC7W53F with lower RON and lower leakage specs. It
is available in 8-pin SOT23 and UMAX packages.

Applications

Battery-Operated Systems
Audio and Video Switching
Test Equipment
Communications Circuits
Sample-and-Hold Circuits
Communications Systems

Features

4 60Q max (40Q typ) On-Resistance (RON)

4 3Q max (0.75Q typ) RoN Matching Between
Channels

10Q (max) RoN Flatness
Low Charge Injection: 3pC (typ)
Low +1nA Leakage Current at +25°C
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Fast Switching
toN = 60ns (max)
toFF = 40ns (max)

Guaranteed Break-Before-Make Switching
TTL/CMOS-Logic Compatible

Low Crosstalk: -72dB (1MHz)

High Off-Isolation: -77dB (1MHz)
Bandwidth -3dB: >450MHz (typ)

Available in an 8-Pin SOT23 Package
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Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAXA4564EKA-T -40°C to +85°C 8 SOT23
MAX4564EUA -40°C 10 +85°C 8 uMAX

Functional Diagrams/Pin Configurations/Truth Table
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

ABSOLUTE MAXIMUM RATINGS

(Voltages Referenced to GND) Continuous Power Dissipation (Ta = +70°C)
-0.3Vto +13V 8-Pin SOT23 (derate 7.1mW/°C above +70°C) .......... 571mwW
-13V to +0.3V 8-Pin UMAX (derate 4.10mW/°C above +70°C) ......... 330mw
V+ -0.3V to +13V Operating Temperature Range
EN, IN, COM, NC, NO (Note 1) .......... (V--0.3V) to (V+ + 0.3V) MAXAS64E_A .o -40°C to +85°C
Continuous Current (any terminal).........c.ccccooviiiiiiiinns +20mA Junction Temperature ... +150°C

Peak Current, COM, NC, NO Storage Temperature Range ............ccccooeveennn. -65°C to +150°C
(pulsed at 1ms, 10% duty cycle)........ccocvvviiiiiiennnn, +30mA Lead Temperature (soldering, 10S) ........cccccovviiviinnnnns. +300°C
ESD per Method 3015.7.....ooiiiiiiiiiccceee >2kV

Note 1: Signals on NO, NC, COM, IN, or EN exceeding V+ or V- are clamped by internal diodes. Limit forward-diode current to maximum
current rating.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—=5V Supply

(V+ = +4.5V to +6VY, V- = -4.5V to -6V, VIH = +2.4V, V|_ = +0.8V, GND = 0, TA = TMIN to TmAX, unless otherwise noted. Typical values
are at Ta = +25°C.) (Notes 2, 3)

PARAMETER | symBoL | CONDITIONS | 7Ta | miNn TYP  maAX | uNITS
ANALOG SWITCH
- Vcowm,
Analog Signal Range V- V+ Vv
919 g VNO, VNC
. V+ = +4.5V, V- = -4.5V +25°C 40 60
On-Resistance R ! ’ Q
ON | 1com = 1mA; Vo, VNG = +3.5V E 100
On-Resistance Match Between AR V+ = +4.5V, V- = -4.5V, +25°C 0.75 3 Q
Channels (Note 4) ON lcom = TmA; VNO, VNC = £3.5V E 4
On-Resistance Flatness V+ = +4.5V, V- = -4.5V, Icom = +25°C 6.5 10 0
RFLAT(ON) . _
(Note 5) 1mA: VNO, VNC = -3.5V, 0, +3.5V E 13
V+ =455V, V- =-55V; +25°C -1 0.05 1
NO or NC Off-Leakage Current "TC(OFF)” VCOM = +4.5V, -4.5V; nA
NO(OFF) VNO, VNC = -4.5, +4.5V E -5 5
V+ = +5.5V,V-=-55V; +25°C -1 0.05 1
COM Off-Leakage Current lcom(oFF) | Vcom = +4.5V, -4.5V, nA
VNO, VNC = -4.5, +4.5V E -5 5
V+ =458V, V- =-55V, Vcom = +25°C -2 0.05 2
COM On—Leakage Current |COM(ON) +4.5V, -4.5V: VNO, VNC = +4.5V, nA
-4.5V, or floating E -10 10
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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

ELECTRICAL CHARACTERISTICS—=5V Supply (continued)

(V+ = +4.5V to +6Y, V- = -4.5V to -6V, V|4 = +2.4V, V| = +0.8V, GND = 0, Ta = TmIN to TMmAX, unless otherwise noted. Typical values
are at Ta = +25°C.) (Notes 2, 3)

PARAMETER | symBoL | CONDITIONS | Ta | MmN TYP  MAX | UNITS
SWITCH DYNAMIC CHARACTERISTICS
) . VNO, VNC = +3V, -3V, +25°C 40 60
Turn-On Time toN RL = 1kQ, CL = 35pF E 75 ne
. VNO, VNC = +3V, -3V, +25°C 28 40
Turn-Off T
urn-Off Time toFF RL = 1kQ. C| = 35pF = 0 ns
VNC = +3V, VNO = -3V, +25°C 50 70
Transition Time tTRANS VNC = -3V, VNO = +3V, ns
RL = 1kQ, C| = 35pF E 85
Break-Before-Make Time VNO, VNC = +3V, -3V, RL = 3009, o
(Note 6) tBBM CL = 35pF +25°C 5 15 ns
Charge Injection Q \C/)(EE—N:O&JEGEN =0 +25°C 3 pC
3B Bandwidh .38 E;;f’ﬂf/l:z L = 10pF, +25°C 450 MHz
Off-Isolation (Note 7) Viso ;‘,5 - o0 L= T0pF, +25°C 77 dB
Crosstalk (Control Input to RL =50Q, C|_= 10pF, V+ = +4.5V, o
Signal Output) V- =45V, fn= IMHz VER = Vi | T2 C 68 mv
Crosstalk (Between Switches) VeT ENL i ?S/IgrjoL = 10pF, +25°C -72 daB
Total Harmonic Distortion THp | AL =600k G = 50pF, 125°C 0.15 %
fIN = 20kHz
Control Input Capacitance CIN 3 pF
NO or NC Off-Capacitance CoFF fiN = 1MHz +25°C 6 pF
COM Off-Capacitance CcomoFr)| fIN=1MHz +25°C 8 pF
COM On-Capacitance Ccom©onN) | fiN=1MHz +25°C 14 pF
LOGIC INPUT
Input Voltage Low VIL 0.8 V
Input Voltage High ViH 2.4 V
V+ = +5.5V, V- = -5.5V, +25°C -1 0.0001 1
Input Leakage Current IL ViN = VEN = 0 or 45.5V = 10 0 pA
POWER SUPPLY
Power-Supply R Vi 2 6 v
ower-Su ange
pply g v > 5
. V+ = +5.5V, V- = -5.5V, +25°C -1 0.0001 1
Positive Supply Current [+ ViN = VEN = 0 or +5.5V = 0 0 HA
. V+ = +5.5V, V- = -5.5V, +25°C -1 0.0001 1
Negative Supply Current - Vin = VER = 0 or 45.5V = 0 0 pA
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

ELECTRICAL CHARACTERISTICS—Single +5V Supply

(V+ = +4.5V to +6V, V- = 0, VIH = +2.4V, V|L = +0.8V, GND = 0, Ta = TMIN to TMAX, unless otherwise noted. Typical values are at
Ta = +25°C.) (Notes 2, 3)

PARAMETER | symBoL | CONDITIONS | Ta MIN  TYP MAX | UNITS
ANALOG SWITCH
- Vcom,
Analog Signal Range 0 \ \
919 9 VNO, VNC i
) V+ =445V V-=0 +25°C 72 100
On-Resistance R X ' Q
' ON lcom = 1mA; VNO, VNC = +3.5 V E 125
On-Resistance Match Between AR V+ = +4.5V, V- =0, +25°C 0.75 5 o
Channels (Note 4) ON lcom = TMA; VNO, VNG = +3.5V E 7
SWITCH DYNAMIC CHARACTERISTICS
i . VNO, VNC = +3V, +25°C 62 90
Turn-On Time tON RL = 1kQ. CL = 35pF £ 125 ns
) VNO, VNC = +3V, +25°C 22 60
Turn-Off Time toFF RL = 1kQ, CL = 35pF = - ns
VNC = +3V, VNO = 0, +25°C 68 100
Transition Time tTRANS VNC =0, VNO = +3V, ns
RL = 1kQ, CL = 35pF E 130
Break-Before-Make Time VNO, VNC = +3V,
ote 6 L =300Q, CL=35p
(N ) tBBM R c = E 10 35 ns
LOGIC INPUT
Input Voltage Low ViL 0.8 vV
Input Voltage High ViH 2.4 V
V+ =+55V,V-=0, +25°C -1 0.0001 1
Input Leakage Current IL ViN = VEN = 0 or 45.5V = 0 0 pA
POWER SUPPLY
Power-Supply Range V+ 1.8 12 vV
. V+ = +5.5V, V- = 0, +25°C -1 0.0001 1
Positive Supply Current [+ Vi = VER = 0 of +5.5V = 0 10 pA
. V+ = +5.5V, V- = 0, +25°C -1 0.0001 1
Negative Supply Current - ViN = VEN = 0 or +5.5V £ 10 0 HA
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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

ELECTRICAL CHARACTERISTICS—Single +3V Supply

(V+ = +2.7Vto +3.3V, V- = 0, V|4 = +2.4V, V)L = +0.8V, GND = 0, Ta = TmIN to TmAX, unless otherwise noted. Typical values are at
Ta = +25°C.) (Notes 2, 3)

PARAMETER | symsoL | CONDITIONS | Ta MIN TYP MAX | UNITS
ANALOG SWITCH
. Vcom
Analog Signal Range ' 0 \Y Vv
919 9 VNO, VNC i
. V4 =427V, V-=0 +25°C 160 275
On-Resistance R X ' Q
ON" licom = 1mA; Vo, Ve = +1.5V E 300
On-Resistance Match Between AR V+ = +2.7V, V- =0, +25°C 15 10 o
Channels (Note 4) ON Ilcom = TmA; VNO, VNC = +1.5V E 12
SWITCH DYNAMIC CHARACTERISTICS
i . VNO, VNC = +1.5V, +25°C 120 250
Turn-On Time tON RL = 2k, CL = 35pF = pee ns
. VNO, VNC = +1.5V, +25°C 40 110
Turn-Off Time tOFF RL = 2kQ, CL = 35pF = 125 ns
Break-Before-Make Time VNO, VNC = +1.5V,
(Note 6) 1BBM | R~ 2k, CL = 35pF E 10 ns
LOGIC INPUT
Input Voltage Low ViL 0.8 V
Input Voltage High VIH 2.4 \
V+ = +3.3V, V- = 0, +25°C -1 0.0001 1
Input Leakage Current IL Vin = VER = 0 or +3.3V = 10 0 pA

Note 2: The algebraic convention is used in this data sheet; the most negative value is shown in the minimum column.

Note 3: SOT-packaged products are 100% tested at +25°C and guaranteed by design at the full-rated temperature.

Note 4: ARON = RON(MAX) - RON(MIN).

Note 5: Flatness is defined as the difference between the maximum and minimum value of on-resistance as measured over the
specified analog signal ranges.

Note 6: Guaranteed by design.

Note 7: Off-Isolation = 20log1o (Vcom / VNO), VNO = input to off switch.
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Typical Operating Characteristics

(Ta = +25°C, unless otherwise noted.)

ON-RESISTANCE vs. Vgom SWITCH LEAKAGE CURRENT
ON-RESISTANCE vs. Vcom AND TEMPERATURE (DUAL SUPPLIES) vs. TEMPERATURE
300 — 60 —T—T—T— . 10,000 g
270 Vi =+1.8V,—] g V4 =45V, V-= -5V = E V+ =45V, V-= -5V %%
210 A\ V-=0 z 0 - 2 L
¥ N - 57 £ Icomon)
210 V=427V, NS ) 2
0 V-20 \ 40 — S 10 | |
@ . \ \ @ \\ /_/ g I T > i i |
3 ¥ =z 30 = 10 |
o =] Ta=+25°C P~ o = ICOM(OFF),
120 \\ = I~ 7 @ INO(OFF),
% Vi = +4.5Y, N 20 b 1a- -a0c = INC(OFF)
V-=0 Ty ] = ! i i i ]
60 [ . I i i i i |
___..4__[ | 10 01 %
o Vi =445V, V- =45V | 1 1 1 1 {
0 0 oot | \ \ \ \ 1
5432101 23 45 5 4 324012 3 45 40 -15 10 35 60 85
Veom (V) Veow (V) TEMPERATURE (C)
SUPPLY CURRENT
CHARGE INJECTION vs. Vcom SUPPLY CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE
" : % [ounL suprLEs 2 o IR
3 : 3 V-=0,Viy=0 3
9 g Vi = 45V, V- =BV, Vi = 0 Ne W g
8 /TN 2 : 0.04 g
/ I+ .
7 / z N\ / =
/ = 1 X/ =
s / = / Z 008
o& 5 / 4] é 0 _~ % /
o DUAL SUPPLIES: )/ SINGLE 2 2 | ——
4 sy LA SR B z 002
N A V=45V, S 4 5
3 - Voo ] @ 7 2
) LA 0.01
}// 2 N
:J LA N~ X .
5 432401 2 3 45 4 45 10 3B 60 & 0 2 4 6 8 10 12
Veom (V) TEMPERATURE (°C) SUPPLY VOLTAGE (V)
SUPPLY CURRENT TURN-ON/TURN-OFF TIME TURN-ON/TURN-OFF TIME
vs. LOGIC-LEVEL VOLTAGE vs. SUPPLY VOLTAGE (DUAL SUPPLIES) vs. TEMPERATURE (DUAL SUPPLIES)
1000 DUAL OR SINGLE = 125 g 100 ! ! %
FE=— 5V SUPPLIES : 2 Vi= 5V, V- = -5V 3
00 : = w N
z 0 \ £
3 _ -
o 2 z
& = =
3 < \ \ S 50 —
= 01 3 5 N fon 28 | —
= { B— t
@ o = i 25 "
SUPPLY: = F— = 5 1o | — tor¢
0.001 Vo= 3, ]
V=) —————
0.001 | [ | | 1 0 0
0 1 2 3 4 5 + +3 +4 +5 +6 40 45 10 35 60 8
LOGIC-LEVEL VOLTAGE (V) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Typical Operating Characteristics (continued)

(Ta = +25°C, unless otherwise noted.)

TURN-ON/TURN-OFF TIME ON-RESPONSE, OFF-ISOLATION,
vs. TEMPERATURE (SINGLE SUPPLY) CROSSTALK vs. FREQUENCY
100 ‘ ‘ < 10 -
A AT HlllE
z 10 | on-ResponsE :
g /'/ 20
= L ton %
T ] S 40 //;
S 50 3 5 P
8 = [ CROSSTALK A
60 |- OFF-ISOLATION 1124
. 70 L /]
——’/
—| tor 80 Vi =45V, V- = -5V
90 = I A1
0 I i
40 15 10 3% 60 85 0.1 1 10 100 1000
TEMPERATURE (°C) FREQUENCY (MHz)
TOTAL HARMONIC DISTORTION LOGIC-LEVEL THRESHOLD VOLTAGE
vs. FREQUENCY vs. SUPPLY VOLTAGE
10 T TP i % 2.00 ‘ ‘ ‘ ‘ g
= Vi = 45V, V- = -5V HIE— R ]
:”\;rz 6UT=BOUQ g 175 | DUAL OR SINGLE SUPPLIES %
= =
=150
1 &
— =125
£ =
= S 1.00
= o
z o
0.1 e
pu
= 050
0.25
0.01 0
10 100 1k 10k 100k 2 3 4 5
FREQUENCY (Hz) SUPPLY VOLTAGE (V)
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Pin Description

uMAX SOT23 NAME FUNCTION

1 8 COM Analog Switch Common

5 . N Device Enable. Drivem low for normal SPDT switch operation. If EN is high, both
NO and NC are disconnected.

3 6 V- Negative Supply Voltage

4 5 GND Ground

5 3 IN Digital Control Input

6 4 NO Analog Switch Normally Open

7 1 NC Analog Switch Normally Closed

8 2 V+ Positive Supply Voltage

Detailed Description

The MAX4564 is a dual-supply SPDT CMOS analog
switch. The MAX4564 has break-before-make switch-
ing. The CMOS switch construction provides Rail-to-
Rail® signal handling while consuming virtually no
power. Each of the two switches is independently con-
trolled by a TTL/CMOS-level-compatible digital input.

Applications Information

Overvoltage Protection
Do not exceed the absolute maximum ratings because
stresses beyond the listed ratings may cause perma-
nent damage to the device. Proper power-supply
sequencing is recommended for all CMOS devices.
Always sequence V+ on first, then V-, followed by the
logic inputs NO, NC, or COM. If power-supply
sequencing is not possible, add two small-signal
diodes (D1, D2) in series with supply pins. Adding
diodes reduces the analog signal range to one diode
drop below V+ and one diode drop above V-, but does
not affect the device’s low switch resistance and low
leakage characteristics.

Rail-to-Rail is a registered trademark of Nippon Motorola, Ltd.

Test Circuits/
Timing Diagrams

POSITIVE SUPPLY

vo
+

V AKX

MAX4564

NO coMm
Vg é

V

#DZ

NEGATIVE SUPPLY

Figure 1. Overvoltage Protection Using Two External Blocking
Diodes
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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Test Circuits/Timing Diagrams (continued)

MAXI/N
MAX4564 V- Vet " sns
r<
| | v
™ Logic
INPUT /
vy —jN0 S\ comy Vour VINL
ORNC !
. R CL
! 35pF
b T
LOGIC GND - -
SWITCH ¢
INPUT L OUTPUT
Ct INCLUDES FIXTURE AND STRAY CAPACITANCE. LOGIC INPUT WAVEFORMS INVERTED FOR SWITCHES
THAT HAVE THE OPPOSITE LOGIC SENSE.
Figure 2. Switching Time
MAXI/N
MAX4564 V- V4
I I Logic "M .
Vi INPUT 50%
VINL
N b COM Vour
NO R :
| oL
lN—D— o _! —|_ 35DF
LOGIC @ GND = =
INPUT J_ Vour 0.9 x Vour
= = - ) ——
Cr INCLUDES FIXTURE AND STRAY CAPACITANCE.
Figure 3. Break-Before-Make Interval
MAXIM v Vs ¢
MAX4564 | AVour
Vr Vour
NC Al com o *
ORNO \o Vo IN
+ oL OFF OFF
Veen —_ N ON
_—|_ GND IN —
— JT_ ON
i OFF
ViLTO Vi Q= (AVour)(Cp)

IN DEPENDS ON SWITCH CONFIGURATION;
INPUT POLARITY DETERMINED BY SENSE OF SWITCH.

Figure 4. Charge Injection
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Test Circuits/Timing Diagrams (continued)
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OFF-ISOLATION = 20log V\(;I“T

Rx = 50Q
EN = Vin, Vin = DON'T CARE

Vour
Vin AT fodg
« = (Ron +50) x 50
(Ron +50) - 50
EN=V|_, ViN= ViH, fogs = TMHz

ON-LOSS =20log

CROSSTALK = 20log V\%—UJ

Rx _ (Ron +50) x 50
(Ron +50) - 50
EN = Vi, Vin=Vin

Figure 5. On-Loss, Off-Isolation, and Crosstalk
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v+ MAXIMN
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Figure 6. Channel Off/On-Capacitance
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Chip Information

TRANSISTOR COUNT: 116
PROCESS : CMOS
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Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

Package Information

w
o
b @
b o > SYMBOL | MIN MAX o
" " N > A 0.90 145 5
P Al 0.00 0.15 @
Q—L 7N A2 0.90 130
[ /;ﬂ L b 0.28 0.45
1 c 0.09 0.20
! D 2.80 3.00
E 2.60 3.00
E1 1,50 175
& E 2 E1 L 010 0.60
‘ e 0.65 ref
° el 195 ref
PIN 1 = « 0 [ 100
eunpniingn —
(SEE NOTE 7
[——et—— o —|
D
C—»
NOTE:
G . ALL DIMENSIONS ARE IN MILLIMETERS.
| FOOT LENGTH MEASURED REFERENCE TO FLAT FOOT
SURFACE PARALLEL TO DATUM “A”,
T 3. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH &
A2 METAL BURR.
A 4, PACKAGE OUTLINE INCLUSIVE OF SOLDER PLATING.
S. EIAJ REF. NUMBER” SC-74 <6 LEAD VERSION)
6. COPLANARITY 4 MILS. MAX.
- f 7. PIN 1 LD, DOT IS 0.3 MM ¢ MIN, LOCATED ABOVE PIN 1,
Al
PROPRIETARY INFORMATION
TITLE:
PACKAGE OUTLINE, SOT 23, 8L
APPROVAL DOCUMENT CONTROL NO. REV 1
21-0078 B /1
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MAX4564

Low-Voltage, Dual-Supply,
SPDT Analog Switch with Enable

JEDEC

INCHES MILLIMETERS | INCHES MILLIMETERS

MIN MAX MIN | MAX | MIN MAX MIN [ MAX
A [0.037 |0.043 094 110 -—— 10043 [-—- 1.10
Al | 0.002 |0.006 |0.05 0.15 0.002 | 0.006 |[0.05 0.5
B [0.010 |0.014 |0.25 036 [0.010 | 0016 |0.25 0.40
C |0.005 [0.007 |013 0.18 0.005 | 0.009 [0.13 0.23
D |0116 (0120 [295 305 (0114 |0lee |29 31
e | 00256 BSC 065 BSC 0.0256 BSC 0,64 BSC
E [0116 |0120 |295 3.05 0114 [otee [29 [31
H 0188 [0.198 [4.78 5.03 0.193 BSC 4.9 BSC
L |0.016 [0.026 [0.41 066 0016 | 0027 [0.40 0.70
o 0° 6° 0 6° o [ e 0° 6°
S | 0.0207 BSC 0.5250 BSC

SIDE VIEW

4X S ——
‘ T
E H
%0.50+0.01
!
0.50
1 1
050 ——=1 == BOTTOM VIEW
D
TOP VIEW
TARAR L
A
e |l=— B L=
FRONT VIEW
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
2.MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006”).
3. CONTROLLING DIMENSION: MILLIMETERS.
4.MEETS JEDEC MO-187.

. .k%

VI /A X1 2V

PROPRIETARY INFORMATION

TITLE:

PACKAGE OUTLINE, 8L uMAX

APPROVAL. TDOCUMENT CONTROL NO.

21-0036

RE‘{ %

Package Information (continued)

8LUMAXD.EPS

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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