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USB USB 1.5kΩ
USB (12Mbps) USB
MAX3344E/MAX3345E USB I/O D+ D-
VCC ±15kV ESD
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ASIC

40µA
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MAX3344E /MAX3345E USB
USB

MAX3344E USB_DET 3.6V ( ) 4V ( )
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PART TEMP RANGE PIN-PACKAGE

MAX3344EEUE -40°C to +85°C 16 TSSOP

MAX3344EEBE-T -40°C to +85°C 4 x 4 UCSP

MAX3345EEUE -40°C to +85°C 16 TSSOP

MAX3345EEBE-T -40°C to +85°C 4 x 4 UCSP

UCSP Maxim Integrated Products, Inc.
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INTERFACE
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ABSOLUTE MAXIMUM RATINGS 

ELECTRICAL CHARACTERISTICS
(VCC = 4V to 5.5V bypassed with 1µF to GND, GND = 0, VL = 1.65V to 3.6V, ENUM = VL, TA = TMIN to TMAX, unless otherwise
noted. Typical values are at VCC = 5V, VL = 2.5V, TA = +25°C.) (Note 2)

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.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SUPPLY INPUTS (VCC, VTRM, VL)

Regulated Supply Voltage
Output

VVTRM Internal regulator 3.0 3.3 3.6 V

VCC Input Range VCC 4.0 5.5 V

VL Input Range VL 1.65 3.60 V

Operating VCC Supply Current IVCC
Full-speed transmitting/receiving at
12Mbps, CL = 50pF on D+ and D-

10 mA

Operating VL Supply Current IVL
Full-speed transmitting/receiving at
12Mbps

8 mA

Full-speed idle: VD+ > 2.7V, VD- < 0.3V 340 450Full-Speed Idle and SE0 Supply
Current

IVCC(IDLE)
SE0: VD+ < 0.3V, VD- < 0.3V 390 500

µA

Static VL Supply Current IVL(STATIC) Full-speed idle, SE0, or suspend mode 12.5 µA

Suspend Supply Current IVCC(SUSP) SUSP = OE = high 40 µA

Disable-Mode Supply Current IVCC(DIS) VL = GND or open 20 µA

D+/D- Disable-Mode
Load Current

ID_(DIS) VL = GND or open, VD_ = 0 or +5.5V 5 µA

Sharing-Mode VL Supply
Current

IVL(SHARING)
VCC = GND or open, OE = low, SUSP =
high

20 µA

D+/D- Sharing-Mode
Load Current

ID_(SHARING) VCC = GND or open, VD_ = 0 or +5.5V 20 µA

LOGIC-SIDE I/O

Input High Voltage VIH SUSP, MODE, ENUM, OE, VMO, VPO 2/3 x VL V

Input Low Voltage VIL SUSP, MODE, ENUM, OE, VMO, VPO 0.4 V

Output-Voltage High VOH
VPI, VMI, RCV, USB_DET; ISOURCE =
2mA

VL - 0.4 V

Output-Voltage Low VOL VPI, VMI, RCV, USB_DET; ISINK = -2mA 0.4 V

Note 1: External 23.7Ω resistors connected to D+ and D-.

(All voltages refer to GND, unless otherwise noted.)
Supply Voltage (VCC) ...............................................-0.3V to +6V
Output of Internal Regulator (VTRM)..........-0.3V to (VCC + 0.3V)
Input Voltage (D+, D-) ..............................................-0.3V to +6V
System Supply Voltage (VL) .....................................-0.3V to +6V
RCV, SUSP, VMO, MODE, VPO, OE, VMI,

VPI, USB_DET, ENUM...............................-0.3V to (VL + 0.3V)
Short-Circuit Current (D+, D-) to VCC or 

GND (Note 1) .........................................................Continuous

Maximum Continuous Current (all other pins) ..................±15mA
Continuous Power Dissipation (TA = +70°C)
16-Pin TSSOP (derate 9.4mW/°C above +70°C)...754mW (U16-2)
4 ✕ 4 UCSP (derate 8.2mW/°C above +70°C) ...659mW (B16-1)

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C
Bump Temperature (soldering) Reflow............................+235°C
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ELECTRICAL CHARACTERISTICS (continued)
(VCC = 4V to 5.5V bypassed with 1µF to GND, GND = 0, VL = 1.65V to 3.6V, ENUM = VL, TA = TMIN to TMAX, unless otherwise
noted. Typical values are at VCC = 5V, VL = 2.5V, TA = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input Leakag e C ur r ent
S U SP , MOD E , E N UM , OE, VM O, V P O =  0 or 
V L

±1 µA

USB-SIDE I/O

Output-Voltage Low VOL RL = 1.5kΩ from D+ or D- to 3.6V 0.3 V

Output-Voltage High VOH RL = 15kΩ from D+ and D- to GND 2.8 3.6 V

Input Impedance ZIN
Three-state driver, ENUM = 0, VD_ = 0 or
+3.6V

1 MΩ

S i ng l e- E nd ed  Inp ut- V ol tag e H i g h VIH 2.0 V

S i ng l e- E nd ed  Inp ut- V ol tag e Low VIL 0.8 V

Receiver Single-Ended
Hysteresis

VHYS 200 mV

Differential Input Sensitivity VDIFF 200 mV

Input Common-Mode Voltage
Range

VCM 0.8 2.5 V

Driver Output Impedance ROUT 4.6 16.0 Ω
Internal Pullup Resistor RPU 1.410 1.500 1.540 kΩ

VUSBLH1 MAX3344E 4.0

VUSBHL1 MAX3344E 3.6

VUSBLH2 MAX3345E 2.8
USB_DET Threshold

VUSBHL2 MAX3345E 1

V

USB_DET Hysteresis VUSBHYS MAX3344E 25 mV

LINEAR REGULATOR

External Capacitor COUT Compensation of linear regulator 1 µF

ESD PROTECTION  (VCC, D+, D-)

Human Body Model ±15 kV

IE C 1000- 4- 2 Ai r - Gap  D i schar g e ±10 kV

IE C 1000- 4- 2 C ontact D i schar g e ±8 kV

TIMING CHARACTERISTICS
(VCC = 4V to 5.5V, GND = 0, VL = 1.65V to 3.6V, ENUM = VL, TA = TMIN to TMAX, unless otherwise noted. Typical values are at
VCC = 5V, VL = 2.5V, TA = +25°C.) (Figures 2–6) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

TRANSMITTER

OE to Transmit Delay Enable Time tPZD Figures 2 and 6c 20 ns

OE to Driver Three-State Delay
Driver Disable Time

tPDZ Figures 2 and 6c 20 ns

tPLH1(drv) MODE = high, Figures 4 and 6b 10 18VPO/VMO to D+/D- Propagation
Delay tPHL1(drv) MODE = high, Figures 4 and 6b 10 18

ns

tPLH0(drv) MODE = low, Figures 3 and 6c 11 20VPO/VMO D+/D- Propagation
Delay tPHL0(drv) MODE = low, Figures 3 and 6c 11 20

ns
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TIMING CHARACTERISTICS (continued)
(VCC = 4V to 5.5V, GND = 0, VL = 1.65V to 3.6V, ENUM = VL, TA = TMIN to TMAX, unless otherwise noted. Typical values are at
VCC = 5V, VL = 2.5V, TA = +25°C.) (Figures 2–6) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Rise Time D+/D- tR1
CL = 50pF, 10% to 90% of
|VOH - VOL|

4 20 ns

Fall Time D+/D- tF1
CL = 50pF, 90% to 10% of
|VOH - VOL|

4 20 ns

Rise- and Fall-Time Matching tR1/tF1 (Note 3) 90 111 %

Output Signal Crossover VCRS (Note 3) 1.3 2.0 V

DIFFERENTIAL RECEIVER (Figures 5 and 6a)

tPLH(RCV) 18 ns
D+/D- to RCV Propagation Delay

tPHL(RCV) 18 ns
SINGLE-ENDED RECEIVERS (Figures 5 and 6a)

tPLH(SE) 18 nsD+/D- to VPI or VMI Propagation
Delay tPHL(SE) 18 ns

Note 2: Parameters are 100% production tested at 25°C, limits over temperature are guaranteed by design.
Note 3: Guaranteed by design, not production tested.
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USB USB
MAX3344E/

MAX3345E VCC = 5.5V VCC = 3V (VCC < 4V
) 1.5kΩ

D+ VTRM
( )

MAX3344E /MAX3345E VCC > VL VL > VCC
USB I/O D+ D- VCC ±15kV

ESD MAX3344E /MAX3345E USB
USB (VCC) 1.65V

(VL) USB MAX3344E /
MAX3345E (12Mbps) USB 2.0

MAX3344E/MAX3345E
ENUM 1.5kΩ

D+
USB

±15kV ESD USB
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___________________________________________________________________
PIN

TSSOP UCSP
NAME

IN PU T /
O U T PU T 

FUNCTION

1 D2 RCV Output
Receiver Output. Single-ended CMOS output. RCV responds to the differential input
on D+ and D-.

2 D1 VPO Input Logic-Level Data Input. VPO is level translated to D+.

3 C2 MODE Input
Mode-Control Input. Selects differential (mode 1) or single-ended (mode 0) input for
the system side when converting logic-level signals to USB level signals. Force
MODE high to select mode 1. Force MODE low to select mode 0.

4 C1 VMO Input Logic-Level Data Input. VMO is level translated to D-.

5 B1 OE Input
Output Enable. Drive OE low to enable data transmission on D+ and D-. Drive OE
high to disable data transmission or to receive data.

6 B2 SUSP Input
Suspend Input. Drive SUSP low for normal operation. Drive SUSP high for low-power
state. In low-power state, RCV is low and VPI/VMI are active.

7 A1 VPI Output Logic-Level Data Output. VPI is the level-translated value of D+.

8 A2 VMI Output Logic-Level Data Output. VMI is the level-translated value of D-.

9 B3 ENUM Input
Enumerate. Drive ENUM high to connect the internal 1.5kΩ resistor from D+ to 3.3V.
Drive ENUM low to disconnect the internal 1.5kΩ resistor.

10 A3 VCC Power
USB-Side Power-Supply Input. Connect VCC to the incoming USB power supply.
Bypass VCC to GND with a 1µF ceramic capacitor.

11 A4 GND Power Ground

12 B4 D-
Input/
Output

Negative USB Differential Data Input/Output. Connect to the USB’s D- signal through
a 23.7Ω ±1% resistor.

13 C4 D+
Input/
Output

Positive USB Differential Data Input/Output. Connect to the USB’s D+ signal through
a 23.7Ω ±1% resistor.

14 D4 VTRM Power
Reg ul ated  Outp ut V ol tag e. V TRM  p r ovi d es a 3.3V  outp ut d er i ved  fr om  V C C . Byp ass
V TRM  to G N D  w i th a 1µF ( m i n)  l ow - E S R cap aci tor , such as cer am i c or  p l asti c fi l m  typ es.

15 D3 VL Power
S ystem - S i d e P ow er - S up p l y Inp ut. C onnect to the system ’ s l og i c- l evel  p ow er  sup p l y,
1.65V  to 3.6V .

16 C3 USB_DET Output

USB Detector Output. A high at USB_DET signals to the ASIC that VCC is present. A
low at USB_DET indicates that VCC is not present. The MAX3344E USB_DET
threshold is between 3.6V (min) and 4V (max), while the MAX3345E USB_DET
threshold is between 1V (min) and 2.8V (max).

/ 

CMOS RCV D+ D-

VPO D+

( 1) ( 0)
USB MODE 1 0

VMO D-

OE D+ D- OE

SUSP SUSP
RCV VPI/VMI

VPI D+

VMI D-

ENUM 1.5kΩ D+ 3.3V ENUM
1.5kΩ

USB VCC USB VCC GND 1µF

USB / 23.7Ω ±1 USB D-

USB / 23.7Ω ±1 USB D+

VTRM VCC 3.3V VTRM 1µF ( ) ESR

1.65V 3.6V

USB USB_DET VCC USB_DET
VCC MAX3344E USB_DET 3.6V ( ) 4V ( ) 

MAX3345E USB_DET 1V ( ) 2.8V ( ) )



VL VCC ( 1 ) VL +1.65V
+3.6V VCC +4.0V +5.5V MAX3344E/
MAX3345E Li+ VCC

VCC +3.1V VVTRM +3.0V

MAX3344E/MAX3345E 3.3V ±10
VCC VVTRM +3.3V

VCC VL
D+ D- VCC 20µA

D+ D- +5.5V
( 2 )

VL VCC
D+ D- USB

D+ D- VL 20µA D+
D- +5.5V ( 2)

D+ D-

D+ D- USB I/O ESD
±15kV ±10kV IEC 1000-4-2

±8kV IEC 1000-4-2
MAX3344E /MAX3345E

D+ D- 23.7Ω
( )

ENUM
USB2.0 D+ 1.5kΩ

(12Mbps) (ENUM )
MAX3344E /MAX3345E 1.5kΩ ENUM

1.5kΩ D+ VTRM
ENUM D+ VTRM

VPO/VMO VPI/VMI OE

MAX3344E /MAX3345E VPO VMO
VPO VMO MAX3344E /MAX3345E VPO

VMO (VPO VMO )
(VPO ) ( )
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VCC (V) VTRM (V) VL (V) CONFIGURATION NOTES

+4.0 to +5.5 +3.3 Output +1.65 to +3.6 Normal mode —

+3.1 to +4.5 +3.3 Output +1.65 to +3.6 Battery supply —

+3.0 to +3.6 +3.0 to +3.6 Input +1.65 to +3.6 Voltage regulator supply —

GND or floating Output +1.65 to +3.6 Sharing mode Table 2

+3.0 to +5.5 Output GND or floating Disable mode Table 2

INPUTS/OUTPUTS DISABLE MODE SHARING MODE

VCC/VTRM
• +5V input/+3.3V output
• +3.3V input/+3.3V input
• +3.7V input/+3.3V output

• Floating or connected to GND
• < +3.6V (MAX3344E)
• < +1.0V (MAX3345E)

VL Floating or connected to GND +1.65V to +3.6V input

D+ and D- High impedance High impedance

High impedance for OE = Low
VPI and VMI Invalid*

High for OE = High

RCV Invalid* Undefined**

SPEED, SUSP, OE, ENUM High impedance High impedance

2

1

*High Impedance or low.
**High or low.
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MAX3344E/MAX3345E VPI VMI
RCV MAX3344E /MAX3345E

VPI VMI RCV

OE OE
D+ D- OE

MODE MAX3344E/MAX3345E
MODE

(VPO VMO ) MODE
(VPO ) ( 3)

VTRM
VTRM 3.3V VTRM MAX3344E /
MAX3345E USB VTRM GND

1µF ESR
VTRM VTRM

VCC
VCC GND 1µF
VCC VCC USB

20µA VCC D+/D-

USB
USB (USB_DET) VCC
USB_DET VCC USB_DET

VCC MAX3344E USB_DET
3.6V ( ) 4V ( ) MAX3345E USB_DET

1V ( ) 2.8V ( )

SUSP
(SUSP) SUSP MAX3344E/

MAX3345E VCC
40µA RCV

VPI VMI
VTRM MAX3344E/MAX3345E USB

µP D+/D-
MAX3344E/MAX3345E

MAX3344E /MAX3345E D+/D-
D+/D- 1ms

15ms

1c IEC 1000-4-2 ESD

CHARGE-CURRENT-
LIMIT RESISTOR

DISCHARGE
RESISTANCE

STORAGE
CAPACITOR

Cs
150pF

RC
50MΩ TO 100MΩ

RD
330Ω

HIGH-
VOLTAGE

DC
SOURCE

DEVICE
UNDER
TEST

1b

IP 100%
90%

36.8%

tRL
TIME

tDL
CURRENT WAVEFORM

PEAK-TO-PEAK RINGING
(NOT DRAWN TO SCALE)

Ir

10%
0

0

AMPERES

1a ESD

CHARGE-CURRENT-
LIMIT RESISTOR

DISCHARGE
RESISTANCE

STORAGE
CAPACITOR

Cs
100pF

RC
1MΩ

RD
1500Ω

HIGH-
VOLTAGE

DC
SOURCE

DEVICE
UNDER
TEST
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USB

USB VPI/VMI
USB OE SUSP

D+/D- VPI/VMI
RCV D+ D- VPI
VMI RCV

( 3)

USB

MAX3344E /MAX3345E USB
D+ D-

MODE OE
SUSP VPO VMO D+
VPO D- VMO
MODE OE SUSP VPO/VMO

____________________________ESD
MAX3344E/MAX3345E ESD D+ D-

±15kV ESD ESD
ESD

ESD
VTRM GND 1µF

ESD D+ D- /

1) ±15kV

2) ±8kV IEC 1000-4-2

3) ±10kV IEC 1000-4-2

ESD

ESD
Maxim

1a 1b
ESD 100pF

1.5kΩ

D+/D-

tPDZtPZD

VOHD - 0.3V

VOLD + 0.3V

VL

0V

VL/2OE

2

VPO

tPHLO

VL

0V

D+

D-0V

VTRM

VL/2

tPLHO

3 0

tPLH1

VL

0V

0V

VTRM

VL/2

D+

D-

VMO

VL

0V
tPHL1

VL/2

tPLH1

tPLH1

VL/2

VPO

4 1
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INPUT OUTPUT

MODE VPO VMO D+ D- RCV VPI VMI RESULT

0 0 0 0 1 0 0 1 LOGIC 0

0 0 1 0 0 RCV* 0 0 SE0

0 1 0 1 0 1 1 0 LOGIC 1

0 1 1 0 0 RCV* 0 0 SE0

1 0 0 0 0 RCV* 0 0 SE0

1 0 1 0 1 0 0 1 LOGIC 0

1 1 0 1 0 1 1 0 LOGIC 1

1 1 1 1 1 X 1 1 UNDEFINED

3b (SUSP = 0 OE = 1 ENUM = X)
INPUT OUTPUT

D+ D- RCV VPI VMI RESULT

0 0 RCV* 0 0 SE0

0 1 0 0 1 LOGIC 0

1 0 1 1 0 LOGIC 1

1 1 X 1 1 UNDEFINED

INPUT OUTPUT

D+ D- RCV VPI VMI RESULT

0 0 0 0 0 VPI/VMI ACTIVE

0 1 0 0 1 VPI/VMI ACTIVE

1 0 0 1 0 VPI/VMI ACTIVE

1 1 0 1 1 VPI/VMI ACTIVE

*Timing specifications are not guaranteed for D+ and D-.

INPUT OUTPUT

MODE VPO VMO D+ D- RCV VPI VMI RESULT

0 0 0 0 1 0 0 1 LOGIC 0

0 0 1 0 0 0 0 0 SE0

0 1 0 1 0 0 1 0 LOGIC 1

0 1 1 0 0 0 0 0 SE0

1 0 0 0 0 0 0 0 SE0

1 0 1 0 1 0 0 1 LOGIC 0

1 1 0 1 0 0 1 0 LOGIC 1

1 1 1 1 1 0 1 1 UNDEFINED

3d * (SUSP = 1 OE = 1 MODE = X VPO/VMO = X
ENUM = X)

*Timing specifications are not guaranteed for D+ and D-.

*RCV denotes the signal level on output RCV just before SE0 state occurs. This level is stable during the SE0 period.

*RCV denotes the signal level on output RCV just before SE0 state occurs. This level is stable during the SE0 period.

3a (SUSP = 0 OE = 0 ENUM = X)

3c * (SUSP = 1 OE = 0 ENUM = X)
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tPHL(RCV) tPLH(RCV)

tPHL(SE) tPLH(SE)

tPLH(SE) tPHL(SE)

D+

D-

RCV

VPI

VMI

D+/D- RISE/FALL TIMES ≤ 8ns, VL = 1.65V, 2.5V, 3.3V

3V

0V

VL

VL/2

VL/2

VL/2

0V

VL

0V

VL

0V

5 D+/D- RCV VPI VMI

(c) LOAD FOR ENABLE AND DISABLE TIME, D+/D-

(a) LOAD FOR VPI, VMI, AND RCV

VMI OR VPI OR RCV

MAX3344E
MAX3345E

25pF

TEST POINT

D+ OR D-
200Ω23.7Ω

MAX3344E
MAX3345E

50pF GND
 OR VCC

+

-

TEST POINT

D+

D-

USB_DET

23.7Ω

CL= 50pF

CL= 50pF

15kΩ

1.5kΩ

3.3V

MAX3344E
MAX3345E

TEST POINT

(b) LOAD FOR D+, D-, AND USB_DET

23.7Ω

15kΩ

TEST POINT

25pF

6
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LINEAR
REGULATOR

TO INTERNAL CIRCUITS

23.7Ω

ENUM

GND

VMI

VPI

RCV

SUSP

MODE

VL

VPO

OE

VCC

VTRM

D-

D+

MAX3344E
MAX3345E

BANDGAP

TO INTERNAL CIRCUITS EXTERNAL RESISTORS

23.7Ω

VMO

1.5kΩ

SINGLE-ENDED RECEIVERS

Vbg

Vbg

USB SUPPLY

TRANSMITTER

RECEIVER

USB_DET

___________________________________________________________________
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USB_DET

VL

VTRM

D+

D-

VMO

MODE

VPO

RCV

TOP VIEW BOTTOM VIEW

MAX3344E
MAX3345E

GND

VCC

9 ENUM

VPI

8VMI

SUSP

TSSOP
UCSP

VCC

VL

GND

VTRM

D+

D-

VMI

MODE

RCV

SUSP

USB_DET

ENUM

VMO

VPO

VPI

MAX3344E/MAX3345E

A

B

C

D

1 2 3 4

OE
OE

___________________________________________________________________
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