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19-0673; Rev 1; 1/07

* —

PART
TEMP

RANGE
PIN-
PACKAGE

PKG
CODE

MAX4947EBA+* -40°C to +85°C 25 UCSP-25 B25-1

MAX4947ETG+ -40°C to +85°C 24 TQFN-EP T2444-4

MAX4948EBA+* -40°C to +85°C 25 UCSP-25 B25-1

MAX4948ETG+ -40°C to +85°C 24 TQFN-EP T2444-4
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VCC = +2.7V to +5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at VCC = +3V, TA = +25°C.) (Notes 2, 3)

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.

VCC to GND ...........................................................-0.3V to +6.0V
All other pins to GND (Note 1) ......................-0.3V to VCC + 0.3V
Continuous Current

NO_, NC_, COM_ .......................................................±100mA
Peak Current NO_, NC_, COM_

(pulsed at 1ms, 50% Duty Cycle)................................±200mA
(pulsed at 1ms, 10% Duty Cycle)................................±300mA

Continuous Power Dissipation (TA = +70°C)
25-Bump UCSP (derate 12.2mW/°C above +70°C) ....976mW
24-Pin TQFN (derate 20.8mW/°C above +70°C) .......1667mW

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ........................................................150°C
Storage Temperature Range .............................-65°C to +150°C
Bump Temperature (soldering)

Infrared (15s) ...............................................................+220°C
Vapor Phase (60s) ...........................................................+215°C
Lead Temperature (soldering) .........................................+300°C

PARAMETER SYMBOL CONDITIONS TA MIN TYP MAX UNITS

POWER SUPPLY

Power-Supply Range VCC
TMIN to
TMAX

1.8 5.5 V

VCC = 5.5V, VCB_ = 0V or VCC 1.0

VCC = 2.7V, VCB_ = 1.6V or 0.5V 5Power-Supply Current ICC

VCC = 5.5V, VCB_ = 1.6V or 0.5V

TMIN to
TMAX

10

μA

ANALOG SWITCH

Analog Signal Range
VNO_, VNC_,

VCOM_,
TMIN to
TMAX

0 VCC V

+25°C 4.0 5.5

On-Resistance (Note 4) RON
VCC = 2.7V, ICOM_ = 10mA;
VNC_ or VNO_ = 0 or VCC

TMIN to
TMAX

6.5
Ω

+25°C 0.3 0.5
On-Resistance Match Between
Channels (Notes 4, 5)

ΔRON
VCC = 2.7V, ICOM_ = 10mA;
VNO_ or VNC_ = 0 or VCC

TMIN to
TMAX

0.6
Ω

+25°C 0.5 1
On-Resistance Flatness
(Notes 4, 6)

RFLAT
VCC = 2.7V, ICOM_ = 10mA;
VNC_ or VNO_ = 0 or VCC

TMIN to
TMAX

1.2
Ω

+25°C -3 +3
NO_ or NC_ Off-Leakage
Current

INO_(OFF) or
INC_(OFF)

VCC = 3.6V; VCOM_ = 3.6V, 0;
VNO_ or VNC_ = 0, 3.6V TMIN to

TMAX
-10 +10

nA

+25°C -6 +6

COM_ On-Leakage Current INO_(ON)

VCC = 3.6V; VCOM_ = 3.6V, 0;
VNO_ or VNC_ = 3.6V, 0 or
unconnected

TMIN to
TMAX

-10 +10
nA

Note 1: Signals on CB_, NO_, NC_, COM_, EN exceeding VCC or GND are clamped by internal diodes. Limit forward-diode current
to maximum current rating.
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PARAMETER SYMBOL CONDITIONS TA MIN TYP MAX UNITS

+25°C -6 +6

COM_ Off-Leakage Current ICOM_(OFF)

VCC = 3.6V (MAX4948);
VCOM_ = 3.3V, 0.3V;
VNO_ or VNC_ = 0, 3V, 3.3V

TMIN to
TMAX

-10 +10
nA

DYNAMIC

+25°C 400 800
Turn-On Time tON

VCC  = 2.7V; VNO_ or VNC_= 1.5V;
RL = 50Ω;
CL = 35pF, Figure 1

TMIN to
TMAX

800
ns

+25°C 300 800
Turn-Off Time tOFF

VCC  = 2.7V; VNO_ or VNC_= 1.5V;
RL = 50Ω;
CL = 35pF, Figure 1

TMIN to
TMAX

800
ns

+25°C 100
Break-Before-Make tBBM

VCC  = 2.7V; VNO_ or VNC_= 1.5V;
RL = 50Ω; CL = 35pF, Figure 2
(Note 7)

TMIN to
TMAX

2
ns

HIGH-SPEED TIMING CHARACTERISTICS (rising time = 20ns)

Skew tSKEW
VCC = 2.7V; RS = 39Ω; CL = 50pF,
Figure 3

TMIN to
TMAX

0.2 ns

Charge Injection Q
VGEN = 0, RGEN = 0, CL = 1nF ,
Figure 4

+25°C 10 pC

-3dB Bandwidth BW
Signal = 0dBm, CL = 5pF,
RL = 50Ω,  Figure 5

+25°C 300 MHz

Off-Isolation VISO

CL = 5pF; RL = 50Ω;
VCOM_ = 1VP-P, f = 1MHz,
Figure 5 (Note 8)

+25°C -70 dB

Crosstalk VCT
CL = 5pF; RL = 50Ω; f = 1MHz,
VCOM_ = 1VP-P, Figure 5 (Note 9)

+25°C -90 dB

NC_ or NO_ Off-Capacitance
CNC_(OFF)
CNO_(OFF)

NC_ = NO_ = 0V, f = 1MHz
Figure 6

+25°C 15 pF

COM_ Off-Capacitance C COM _(OF F)
VCOM = GND, f = 1MHz
(MAX4948), Figure 6

+25°C 25 pF

COM_ On-Capacitance CCOM_(ON) COM_ = 0V, f = 1MHz, Figure 6 +25°C 30 pF

DIGITAL I/O (EN, CB_)

Input-Logic High VIH
TMIN to
TMAX

1.6 V

Input-Logic Low VIL
TMIN to
TMAX

0.5 V

Input Leakage Current ICB VCB_ = 0 or VCC
TMIN to
TMAX

1 μA

ELECTRICAL CHARACTERISTICS (continued)
(VCC = +2.7V to +5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at VCC = +3V, TA = +25°C.) (Notes 2, 3)
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(VCC = 3V, TA = +25°C, unless otherwise noted.)

ON-RESISTANCE vs. VCOM

VCOM (V)

ON
-R

ES
IS

TA
NC

E 
(Ω

)

M
AX

49
47

/4
8 

to
c0

1

0 1 2 3 4 5
0

5

10

15

20

25

30

35

40

VCC = 1.8V

VCC = 2.0V

VCC = 2.3V

VCC = 2.7V
VCC = 3.0V

VCC = 5.0V

ON-RESISTANCE 
vs. VCOM TEMPERATURE 

VCOM (V)

R O
N 

(Ω
)

M
AX

49
47

/4
8 

to
c0

2

0 0.5 1.0 1.5 2.0 2.5 3.0
0

1

2

3

4

5

6

7

TA = +85°C TA = +25°C

TA = -40°C

VCC = 3V

ON-RESISTANCE
vs. VCOM AND TEMPERATURE

VCOM (V)

R O
N 

(Ω
)

M
AX

49
47

/4
8 

to
c0

3

0 1 2 3 4 5
0

1

2

3

4

5

TA = +85°C TA = +25°C

TA = -40°C

VCC = 5V

NO/NC OFF-LEAKAGE CURRENT
vs. TEMPERATURE

M
AX

49
47

/4
8 

to
c0

4

TEMPERATURE (°C)

NO
/N

C 
OF

F-
LE

AK
AG

E 
CU

RR
EN

T 
(n

A)

603510-15

0.001

0.01

0.1

1

10

0.0001
-40 85

VCC = 3V

VCC = 3V/5V

VCC = 5V

COM ON-LEAKAGE CURRENT
vs. TEMPERATURE

M
AX

49
47

/4
8 

to
c0

5

TEMPERATURE (°C)

CO
M

 O
N-

LE
AK

AG
E 

CU
RR

EN
T 

(n
A)

603510-15

0.001

0.01

0.1

1

10

0.0001
-40 85

VCC = 3V

VCC = 3V/5V

VCC = 5V

COM OFF-LEAKAGE CURRENT 
vs. TEMPERATURE (MAX4748)

M
AX

49
47

/4
8 

to
c0

6

TEMPERATURE (°C)

CO
M

 O
FF

-L
EA

KA
GE

 C
UR

RE
NT

 (n
A)

603510-15

0.001

0.01

0.1

1

10

0.0001
-40 85

VCC = 3V

VCC = 3V/5V

VCC = 5V

Note 2: The algebraic convention is used. The most negative value is shown in the minimum column.
Note 3: UCSP parts are 100% tested at TA = +25°C. Limits across the full temperature range are guaranteed by correlation and

design. TQFN parts are guaranteed by correlation and design at - 40°C.
Note 4: RON and ΔRON matching specifications are guaranteed by design.
Note 5: ΔRON = RON(MAX) - RON(MIN).
Note 6: Flatness is defined as the difference between the maximum and minimum value of on-resistance as measured over the

specified analog signal ranges.
Note 7: Guaranteed by design, not production tested.

Note 8: Off-Isolation = 20log10 [VCOM_ / (VNO_ or VNC_)], VCOM_ = output, VNO_ or VNC_ = input to off switch.
Note 9: Between any two switches.

ELECTRICAL CHARACTERISTICS (continued)
(VCC = +2.7V to +5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at VCC = +3V, TA = +25°C.) (Notes 2, 3)
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CHARGE INJECTION vs. VCOM

VCOM (V)
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SUPPLY CURRENT vs. SUPPLY VOLTAGE

SUPPLY VOLTAGE (V)
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SUPPLY CURRENT vs. TEMPERATURE
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c0
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LOGIC THRESHOLD vs. SUPPLY VOLTAGE
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TURN-ON/-OFF TIME
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SUPPLY VOLTAGE (V)

t O
N/

t O
FF

 (n
s)

M
AX

49
47

/4
8 

to
c1

1

1.5 2.5 3.5 4.5 5.5
0

300

900

800

700

600

500

400

200

100

1000

tON

tOFF
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TEMPERATURE (°C)

t O
N/

t O
FF

 (n
s)

M
AX

49
47

/4
8 

to
c1

2

-40 -15 10 35 60 85
0

50

100

150

200

250

350

300

400

450
tON, V+ = 3V
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FREQUENCY RESPONSE

M
AX

49
47

/4
8 

to
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1000.01 1
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CROSSTALK
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TOTAL HARMONIC DISTORTION
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to
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SUPPLY CURRENT vs. LOGIC VOLTAGE
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6

7
VCC = 5.5V

(VCC = +3V, TA = +25°C, unless otherwise noted.)
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MAX4947 MAX4948

TQFN UCSP TQFN UCSP

1 D2 1 D2 NC6

2 D1 2 D1 NO5

3 C1 3 C1 COM5

4 C2 4 C2 NC5

5 B1 — — CB56

6, 21
A1, C3,

D3
6, 21

A1, C3,
D3

GND

7 B2 7 B2 COM4

8 A2 8 A2 NO4

9 B3 9 B3 NC4

10 A3 10 A3 NO3

11 A4 11 A4 COM3

12 B4 12 B4 NC3

13 A5 — — CB34

14 B5 — — CB12

15 C4 15 C4 NC2

16 C5 16 C5 COM2

17 D5 17 D5 NO2

18 D4 18 D4 NC1

19 E5 19 E5 NO1

20 E4 20 E4 COM1

22 E3 22 E3 VCC
23 E2 23 E2 COM6

24 E1 24 E1 NO6

— — 5 B1 EN

— — 13 A5 N.C.

— — 14 B5 CB

EP — EP — EP

EN

–

EN EN
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UCSP 2.5mm x 2.5mm

(BUMPS SIDE DOWN) MAX4947
1

+

A

B

C

D

E

2 3 4 5

GND NO4 NO3 COM3 CB34

CB56 COM4 NC4 NC3 CB12

COM5 NC5 GND NC2 COM2

NO5 NC6 GND NC1 NO2

NO6 COM6 VCC COM1 NO1

23

24

22

21

8

7

9

NO
5

NC
5

CB
56

GN
D

10

NC
6

NO
2

NC
2

CB
12

NC
1

CB
34

1 2

VCC

4 5 6

1718 16 14 13

COM6

NO6

NO3

NC4

NO4

*EP COM4

MAX4947

CO
M

5
CO

M
2

3

15

GND

20 11 COM3COM1

19 12 NC3NO1

TQFN 4mm x 4mm

TOP VIEW

*EXPOSED PADDLE CONNECT TO GROUND

UCSP 2.5mm x 2.5mm

(BUMPS SIDE DOWN) MAX4948
1

A

B

C

D

E

2 3 4 5

GND NO4 NO3 COM3 N.C.

EN COM4 NC4 NC3 CB

COM5 NC5 GND NC2 COM2

NO5 NC6 GND NC1 NO2

NO6 COM6 VCC COM1 NO1

23

24

22

21

8

7

9

NO
5

NC
5 EN

GN
D

10

NC
6

NO
2

NC
2

CBNC
1

N.
C.

1 2

VCC

4 5 6

1718 16 14 13

COM6

NO6

NO3

NC4

NO4

*EP COM4

MAX4948

CO
M

5
CO

M
2

3

15

GND

20 11 COM3COM1

19 12 NC3NO1

TQFN 4mm x 4mm

TOP VIEW

*EXPOSED PADDLE-CONNECT TO GROUND

MAX4947

CB12 NO1/NO2

ON
0 OFF ON

NC1/INC2

OFF1
NO3/NO4 NC3/NC4CB34

OFF ON0
ON OFF1

NO5/NO6 NC5/NC6CB56
OFF ON0
ON OFF1

MAX4948

EN CB

HIGH
LOW LOW OFF

NO_

ONLOW
X OFF

ON

NC_

OFF
OFFHIGH

+

+

+
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tr < 5ns
tf < 5ns

50%
0V

LOGIC
INPUT

RL

COM_

GND

CB_

CL INCLUDES FIXTURE AND STRAY CAPACITANCE.

VOUT = VN_ (    RL )                     RL + RON

VN_

VCC

tOFF

0V

NO_
OR NC_

0.9 x V0UT 0.9 x VOUT

tON

VOUT

SWITCH
OUTPUT

LOGIC
INPUT

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

VCC

CL

VCC

VOUT

MAX4947/
MAX4948

50%

Ω

EN

EN
EN

EN

μ

—
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tskew_i

90%

50%
10%

90%
50%

10%
tfi

INPUT A+

INPUT A-

tri

tskew_o

90%

50%
10%

90%
50%

10%
tfo

OUTPUT B+

OUTPUT B-

tro

B-

CL

A-

Rs

A+ B+

CL

TxD+

TxD-
Rs

Rs = 39Ω
CL = 50pF

DELAY DUE TO SWITCH FOR RISING INPUT AND RISING OUTPUT SIGNALS.

DELAY DUE TO SWITCH FOR FALLING INPUT AND FALLING OUTPUT SIGNALS.

CHANGE IN SKEW THROUGH THE SWITCH FOR OUTPUT SIGNALS.

CHANGE IN SKEW THROUGH THE SWITCH FOR INPUT SIGNALS.|tskew_i|

|tskew_o|

|tfo - tfi|

|tro - tri|

M
AX

49
47

/M
AX

49
48

•

•

•

•

•

•

•

50%
VCC

0V

LOGIC
INPUT

VOUT 0.9 x VOUT

tBBM

LOGIC
INPUT

RL

GND

CL INCLUDES FIXTURE AND STRAY CAPACITANCE.

NO_ 

CB_

NC_ 
VOUT

VCC

VCC

CL

 VN_ COM_

MAX4947/
MAX4948
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VGEN
GND

COM_

CL

VOUT

VOUT

CB_
OFF

ON
OFF

ΔVOUT

Q = (ΔVOUT)(CL)

NC_

LOGIC INPUT WAVEFORMS INVERTED FOR SWITCHES
THAT HAVE THE OPPOSITE LOGIC SENSE.

OFF
ON

OFF
CB_VIL TO VIH

VCC

VCC

RGEN

CB_

MAX4947/
MAX4948

OR NO_ 

MEASUREMENTS ARE STANDARDIZED AGAINST SHORTS AT IC TERMINALS. 
OFF-ISOLATION IS MEASURED BETWEEN COM_  AND OFF NO_  OR NC_  TERMINAL ON EACH SWITCH. 
ON-LOSS IS MEASURED BETWEEN COM_  AND ON NO_ OR NC_  TERMINAL ON EACH SWITCH. 
CROSSTALK IS MEASURED FROM ONE CHANNEL TO THE OTHER CHANNEL.
SIGNAL DIRECTION THROUGH SWITCH IS REVERSED; WORST VALUES ARE RECORDED.

+5V

VOUT

VCCCB_

NC1

COM1

NO1*

VCB_

MAX4947/
MAX4948

OFF-ISOLATION = 20log ✕
VOUT
VCB_.>

          ON-LOSS = 20log ✕
VOUT
VCB_.>

          CROSSTALK = 20log ✕
VOUT
VCB_.>

NETWORK
ANALYZER

50Ω

50Ω 50Ω

50Ω

MEAS REF

10nF

0V OR V+

50Ω

GND

*FOR CROSSTALK THIS PIN IS NO2.
  NC2 AND COM2 ARE OPEN.

CAPACITANCE
METER NC_ or 

NO_

COM_

GND

CB_
VIL OR VIH

10nF VCC

f = 1MHz

VCC

MAX4947/
MAX4948
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PROCESS: CMOS

MAX4948

S6

S5

COM6

COM5

S4

S3

COM4

COM3

S2

S1

LOGIC

VCC

COM2

COM1

SD
HOST

SD I/O 1

SD I/O 2

ENCB

GND

NO1

NC1

NO2

NC2

NO3

NC3

NO4

NC4

NO5

NC5

NO6

CLK

CMD

DAT0

DAT1

DAT2

DAT3

CLK

CMD

DAT0

DAT1

DAT2

DAT3

NC6
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25
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C

S
P
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1

121-0096

PACKAGE OUTLINE, 5x5 UCSP

( www.maxim-ic.com.cn/packages )
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PACKAGE OUTLINE,

21-0139 2
1

E

12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

PACKAGE OUTLINE,

21-0139 2
2

E

12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

( www.maxim-ic.com.cn/packages )
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