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ABSOLUTE MAXIMUM RATINGS

Voltages referenced to GND.

Short-Circuit Duration 1/Ov|_, 1/Ovycc_ to GND

-0.3V to +4V
-0.3V to +4V

-0.3Vto (Vce + 0.3V)
-0.3V to (VL + 0.3V)
-0.3Vto (VL + 0.3V)
...... Continuous

Continuous Power Dissipation (Ta = +70°C)
16-Pin TSSOP (derate 9.4mW/°C at +70°C)
16-Bump UCSP (derate 8.2mW/°C at +70°C)

Operating Temperature Range ...........ccccooeenn.

Junction Temperature ..o

Storage Temperature Range................

Lead Temperature (soldering, 10s)

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
(Vcec = +1.5Vto +3.6V, VL = +0.9V to Vcc, CijovL = 15pF, Clyovece =< 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-

ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
VL Supply Range Vi VL <Vcce (Note 2) 0.9 Vce Vv
Vce Supply Range Vce (Note 2) 15 3.6 Vv
Supply Current from V Ta = +25°C 4
PPy ce lavee HA
(Note 3) Ta = +85°C 40
(Note 3) 1 5
Ta = +25°C
Supply Current from Vi (Note 3) | VL < Veg- 02V A
u urrent from ote
PPy L avt (Note 3) 4 40 H
Ta = +85°C
VL <Vce-0.2V 20
Ve Shutdown Supply Current EN = GND, Ta = +25°C 2
e PPy ISHDN-VCC HA
(Note 3) EN = GND, Ta = +85°C 20
VL <Vce-0.2V, 5
T = +25°C EN = GND
VL Shutdown Supply Current EN = GND 1 4 oA
(Note 3) VL <Vce-0.2v, 20
Ta = +85°C EN = GND
EN = GND 40
/O Tri-State Output Leakage I/OVL_, I/OVce,, Ta = +25°C 0.35 A
Current EN = GND Ta = +85°C 1 H
/O Tri-Stated Output Leakage xt <I>/g(\3/(;g'2v’ VO | Ta=+25°C 02 oA
Current EN=GND _ Ta = +85°C 05
Ta = +25°C 0.35
EN Input Leakage Current pA
Ta = +85°C 1
2 M A/
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ELECTRICAL CHARACTERISTICS (continued)

(Vce = +1.5Vto +3.6V, VL = +0.9V to V¢, CijovL = 15pF, Ciovece = 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-
ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

LOGIC-LEVEL THRESHOLDS

I/OVL_ Input-Voltage-High

Threshold VIHL 2/3 x VL %
I/OVL_ Input-Voltage-Low
Threshold Vi 13X VL v
I/OVcc_ Input-Voltage-High 2/3 x
Threshold ViHC Vce v
I/OVce_ Input-Voltage-Low 1/3 x
Threshold viLe Ve v
EN Input-Voltage-High Threshold VIHEN 2/3 x V| V
EN Input-Voltage-Low Threshold VILEN 1/3x VL \
I/OVL_ Output-Voltage High VOHL |/OVL_ source current = 20pA (\)/L25 \
MAX13002E/MAX13005E, 03
OV|_sink current = 1uA '
I/OVL_ Output-Voltage Low VoLL Y
MAX13000E/MAX13001E/MAX13003E/ 0.95
MAX13004E, 1/0OV|_ sink current = 20pA '
I/OVce_ Output-Voltage High VOHC |/OVcc_ source current = 20pA \2)055_ \
MAX13001E/MAX13004E, 03
OVcce_ sink current = 1pA '
I/OVcce_ Output-Voltage Low VoLc Vv
MAX13000E/MAX13002E/MAX13003E/ 0.95
MAX13005E, I/OVcc_ sink current = 20pA '
OUTPUT CURRENTS
Vce = +1.65V, o5
Output Sink Current During MAX13003E/MAX13004E/MAX13005E A
Transient (Vcc Side) Voo = +1.65V,
MAX13000E/MAX13001E/MAX13002E !
VL =+1.2V, Vcc = +1.65V, 30
Output Sink Current During MAX13003E/MAX13004E/MAX13005E "
Transient (V| Side) VL = +1.2V, Vo = +1.65V, ;
MAX13000E/MAX13001E/MAX13002E
AXI/W 3
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ELECTRICAL CHARACTERISTICS (continued)
(Vce = +1.5Vto +3.6V, VL = +0.9V to V¢, CijovL = 15pF, Ciovece = 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-

ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Vce = +1.65V, 25

Output Source Current During MAX13003E/MAX13004E/MAX13005E A

Transient (Vcc Side) Ve = +1.65V, ;
MAX13000E/MAX13001E/MAX13002E
VL =+1.2V,Vcc = +1.65Y, o5

Output Source Current During MAX13003E/MAX13004E/MAX13005E A

Transient (VL Side) VL = +1.2V, Vee = +1.65V, ]
MAX13000E/MAX13001E/MAX13002E

ESD PROTECTION
Human Body Model 15

I/OVce Air-Gap Discharge (IEC61000-4-2) +10 kV
Contact Discharge (IEC61000-4-2) +8

TIMING CHARACTERISTICS
(Vce = +1.5Vto +3.6V, VL = +0.9V to V¢, CijovL = 15pF, Clovee = 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-

ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER

SYMBOL

CONDITIONS

MIN

TYP

MAX

UNITS

I/OVcc_ Rise Time

tRvCC

Ciovee = S0pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.65V, Figures 1a, 1b

15

Ciovee = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.5VY, Figures 1a, 1b

15

Ciiovee = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 1a, 1b

400

1400

ns

I/OVcce_ Fall Time

trvcc

Ciiovecce = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.65V, Figures 1a, 1b

15

Ciyovee = S0pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.5VY, Figures 1a, 1b

15

Cijovee = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 1a, 1b

400

1400

ns

MAXIMN
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TIMING CHARACTERISTICS (continued)

(Vce = +1.5Vto +3.6V, VL = +0.9V to V¢, CijovL = 15pF, Ciovece = 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-
ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER

SYMBOL

CONDITIONS

MIN

TYP

MAX

UNITS

I/OVL_ Rise Time

tRVL

CijovL = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.65V, Figures 2a, 2b

15

CijovL = 15pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.5V, Figures 2a, 2b

15

CiiovL = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 2a, 2b

300

1200

ns

I/OVL_ Fall Time

trvL

Ci/ovL = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.65V, Figures 2a, 2b

15

CiovL = 15pF,
MAX13003E/MAX13004E/MAX13005E,
Vce = +1.5V, Figures 2a, 2b

15

Ci/ovL = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 2a, 2b

300

1200

ns

Propagation Delay
(Driving I/OVL )

I/OvL-vce

Cijovee = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Figures 1a, 1b

20

Ciovee = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 1a, 1b

1000

ns

Propagation Delay
(Driving 1/0Vcce )

I/Ovce-vL

Vce > +1.65V, CjjovL = 50pF,
MAX13003E/MAX13004E/MAX13005E,
Figures 2a, 2b

20

Vce = 1.5V, CijovL = 15pF,
MAX13003E/MAX13004E/MAX13005E,
Figures 2a, 2b

20

Ci/ovL = 50pF,
MAX13000E/MAX13001E/MAX13002E,
Figures 2a, 2b

1000

ns

Propagation Delay from
I/OV| to I/OVcc_ after EN
(Note 5)

tEN-vCC

Cijovce = 50pF, CMOS output, Figure 3

Cijovce = 50pF, OD output, Figure 3

us

MAXIMN
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TIMING CHARACTERISTICS (continued)

(Vcc = +1.5Vto +3.6V, VL = +0.9V to Ve, CiovL = 15pF, Ciovee = 50pF, Ta = -40°C to +85°C, unless otherwise noted. Typical val-
ues are at Ta = +25°C.) (Notes 1, 4)

PARAMETER

SYMBOL

CONDITIONS

MIN TYP MAX UNITS

Propagation Delay from
I/OVcc to I/OVL after EN

(

Note 5)

tEN-VL

CijovL = 50pF, CMOS output, Figure 4

CijovL = 50pF, OD output, Figure 4

us

Channel-to-Channel Skew

tSKEW

Each translator equally loaded,
MAX13003E/MAX13004E/MAX13005E

Each translator equally loaded,
MAX13000E/MAX13001E/MAX13002E

ns
+250

Part-to-Part Skew (Note 6)

tPPSKEW

CijovL = 15pF, Cyovce = 15pF,
VL = +1.8V, Vce = +2V, AT = +5°C,
MAX13003E/MAX13004E/MAX13005E

10 ns

Maximum Data Rate

MAX13003E/MAX13004E/MAX13005E
Vce > +1.65V, CjjovL = 50pF,
Ciovce = 50pF

20 Mbps

MAX13000E/MAX13001E/MAX13002E
CijovL = 50pF, Cjjovce = 50pF

230 kbps

Note 1:
Note 2:

Note 3:
Note 4:
Note 5:
Note 6:

shutdown conditions.

This consumption is referred to as no signal transmission.
Guaranteed by design with an input signal full swing, rise/fall time < 3ns, source resistance is 50Q.
Enable input signal full swing and rise/fall time < 50ns.
Guaranteed by design, not production tested.

All devices are 100% production tested at Ta = +25°C. Limits are guaranteed by design over the entire temperature range.
VL must be less than or equal to Vcc during normal operation. However, V| can be greater than Vcc during startup and

BT EFIE

(Vee =

VL SUPPLY CURRENT (uA)

+3.3V, VL = +0.9V, Ta = +25°C

VL SUPPLY CURRENT vs. SUPPLY VOLTAGE
(DRIVING 1/0 Vi, Vi =0.9V)

1000 .
[~ DATA RATE = 20Mbps z

100 _—

10
DATA RATE = 230kbps ]|
1 —
01 =

15 18 21 24 27 30 33 36

SUPPLY VOLTAGE (V)

, MAX13003E.)

Vi SUPPLY CURRENT (mA)

0.001

VL SUPPLY CURRENT vs. SUPPLY VOLTAGE
(DRIVING 1/0 Vg, VL = 0.9V)
1

MAX13000Etoc02

- DATA RATE = 20Mbps

o

o
2

DATA RATE = 230kbps

15 18 21 24 27 30

SUPPLY VOLTAGE (V)

33 36

Vi SUPPLY CURRENT (mA)

Ve SUPPLY CURRENT vs. SUPPLY VOLTAGE
(DRIVING 1/0 Vi, Vy. = 0.9V)
10

- DATA RATE = 20Mbps
o

MAX13000Etoc03

//

o

DATA RATE = 230kbps

/’

0.01

15 18 21 24 27 30

SUPPLY VOLTAGE (V)

33 36
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BT EHFIE (4E)

(Vcc = +3.3V, VL = +0.9V, Ta = +25°C, MAX13003E.)

Vcc SUPPLY CURRENT vs. SUPPLY VOLTAGE
(DRIVING I/0V¢g, VL = +0.9V)

VL SUPPLY CURRENT vs. TEMPERATURE
(DRIVING I/0Vgg, Veg = +3.3V, Vi = +0.9V)

Ve SUPPLY GURRENT vs. TEMPERATURE
(DRIVING 1/0Vgg, Veg = +3.3V, Vi = +0.9V)

10 : ‘ - 340 5 410 s
= DATA RATE = 20Mbps : A= / g
- ————— £ 2330 e = 405 i
E 10 = /1 E
= = e = DATA RATE = 20Mbps /
g = 320 e & 400
> =2 >
S 01 o -~ ° /
> > /] ~ /
& & 310 g 39
2 DATA RATE = 230kbps | Z DATARATE - 20Mbps 2 -
o = S S (3
S001 me—r] il G [ = /
300 390 |A
7
0.001 290 3.85
15 18 21 24 27 30 33 36 40 15 10 35 60 85 40 -15 10 35 60 85
SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
V| SUPPLY CURRENT vs. Vcc SUPPLY CURRENT vs. RISE/FALL TIME vs.
CAPACITIVE LOAD ON 1/0 Vg CAPACITIVE LOAD ON 1/0 V¢c CAPACITIVE LOAD ON 1/0 V¢c
(DRIVING 1/0Vy, Vg = 3.3V, Vy = +0.9V) (DRIVING I/0Vy, Vg = 3.3V, Vi = +0.9V) (DRIVING 1/OVy, Vg = 3.3V, V. = +0.9V)
0 g T T ] : 0
£ 8 DATA RATE = 20Mbps——+"—{ 8 £
™ ——— -, T A
;1,100 DATA RATE = 20Mbps § : A z . i e P
= (i}
i) / [an]
) £ 3 Z 5 /
2 = = P
— = w
> 60 z 4 R .~
5 3 3 2 34 t
; 40 § ) 2
20 | DATA RATE = 230kbps 1 DATARAT‘E:Z’T’Okbp‘s 1
0 A . N .
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF)
RISE/FALL TIME vs. PROPAGATION DELAY vs. PROPAGATION DELAY vs.
CAPACITIVE LOAD ON 1/0 V. CAPACITIVE LOAD ON 1/0 Ve CAPACITIVE LOAD ON 1/0 V.
(DRIVING 1/0V¢g, = 3.3V, Vi = +0.9V) (DRIVING 1/0V, Ve, = 3.3V, VL = +0.9V) (DRIVING 1/0V¢g, Vee = 3.3V, VL = +0.9V)
8 ° 9.0 = 6.5 o
4 A g
7 g 85 g 6.0 g
6 A" 2 80 g -
2 tF // = % 50 al
o 5 = o 75 = 2 7
% = S 45
4 4 8 70 L = p—
g = Ve E 40 A4
g 3 = 2 6.5 A S /
2 v | s>V 5 35
R B
2 // & 60 £
1 55 25
0 50 2.0
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF)
AXIWV 7
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BT EHFIE (4E)

(Vcc = +3.3V, VL = +0.9V, Ta = +25°C, MAX13003E.)

0D RAIL-TO-RAIL DRIVING (MAX13005E)

(DRIVING I/0Vy, Ve = +3.3V,
VL = +0.9V, Cyjovce = 56pF,

DATA RATE = 230Mbps, RpuLLup = 1K)

0D RAIL-TO-RAIL DRIVING (MAX13002E)

(DRIVING 1/0Vy, Veg = +3.3V,
Vi = +0.9V, Cyovce = 56pF,

DATA RATE = 230kbps, RpuLLup = 15kQ)

RAIL-TO-RAIL DRIVING

(DRIVING 1/0Vy, V¢ = +3.3V, VL = +0.9V,
Cijovce = 50pF, DATA RATE = 230khps)

9 Z
e 2
l'l il = 1oV
| i 500mV/div
m r\'—! r;n— GND
|
| I/0Vce
{ o 2v/div
[ GND
200ns/div
RAIL-TO-RAIL DRIVING
(DRIVING 1/0V V¢e = +3.3V, VL = +0.9V,
Cy/ovce = 50pF, DATA RATE = 4Mbps)
:
[: 1 2
= ov_
500mV/div
L-—-lll- GND
1 1/0Vce
2V/div
GND

40ns/div

Vg + Vi SUPPLY CURRENT vs. FREQUENCY
(DRIVING 1/0Vcg, Vg = +3.3V, Vi = +0.9V)

13 ‘ . . -
12 |- YOVcc IS DRIVEN WITH A ]
11 [[33VSQUARE WAVE y/4E
N \ /e
= Veg +V _’1//
i) 4
£ 8 ////
oD
5 /'/
—
g 6 7
B 5 Y Vee
= )4
£ 3 /
2 [— Vi
]
0
100 4250 8400 12,550 16,700 20,850 25,000

FREQUENCY (kHz)

5 4 5
= o = oV
500mV/div 500mV/div
GND S ———  GND
1/0Vee 1 1OVee
f ‘\ 2V/div V/div
GND GND
2us/div Tus/div
RAIL-TO-RAIL DRIVING
(DRIVING 1/0Vy, Vec = +3.3V, Vi = +0.9V, Vee + VL SUPPLY CURRENT vs. FREQUENCY
Cyjovce = 50pF, DATA RATE = 20Mbps) (DRIVING 1/0VL, Vg = +3.3V, Vy = +0.9V)
= 13 \ \ \ ®
b 2 12 | VOVLIS DRIVEN WITH A A
g _ 11 |- 09vsauaRe wave 4
g z 7z
= 1S A =
. v = 10 \ /4
soomvidv = 9 Voo + VL /
GND = 38 Y.
3 Y
E ‘/ Vee
a 6 /
1/0Veg B 5 /
V/div =
GND 3 3 /
= /
Vi
v g
0 ‘
10ns/div 100 4250 8400 12,550 16,700 20,850 25,000
FREQUENCY (kH2)
Voue vs. loxL FOR Vi SIDE VoLt vs. loLL FOR V. SIDE
(Vec = 3.3V) (Vec = 3.3V)
T |
Vi =425V g g
2.5 = 5 || 2
e 0.20 VL =+2.5V =
| |
L v o V=8 ;/
= T = VL= +09V v
215 = /
= = /
0.10 L
10 b V=409V 4
T 0.05 /]
05 /
0 0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

I0HL (wA)

loLL (wA)
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BT EHFE (%)
(Vee = +3.3V, VL = +0.9V, Ta = +25°C, MAX13003E.)
VoLc vs. VoK vs.
loLc FOR Vgc SIDE lonc FOR Vg SIDE
Vge = +2.5V ~ : ‘“‘-\/Eiw\ §
0.20 g 30 ——
=015 //\/Cr+3.3v = 25 ‘~VC(;:+2.5\/
s ‘/’/ s N
0.10 / Voo =+1.8V 2.0
/ [ ||| Vee=+18V
0.05 15 T
0 1.0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
loLc (mA) loHc (nA)
5[ i BF
MAX13000E/MAX13003E
518 &% Thée
TSSOP UCSP
1 B1 I/OV1 CMOSH A/t 1, AV IS .
2 B2 I/OVL2 CMOSH¥i N/t 2, LAV IS,
3 Al I/OV.3 CMOS i A5 3, AV S .
4 A2 VL B A, +0.9V = VL = Vee. VL RIGND 2 [A]820. 1 pF 32 L2
c A3 EN HRERA . HENEAL, WO Veel £I/O Vec6 MO Vi1 B0 V6 =3,
ENE & (VL) B % TAE.
6 A4 I/OVL 4 CMOSHi A/ 4, LAV IS .
7 B3 I/OVL5 CMOSHi A/ S, LAV AZ%.
8 B4 I/OVL6 CMOSHi A/t 6, IV hE%.
9 C4 I/OVcc6 CMOSHi N/HiH 6, PUVec S .
10 C3 I/OVcc5 CMOSHi A&t S, UVec S,
11 D4 I/OVcc4 CMOSHi A/fii 4, PAVeeh S .
12 D3 GND H
13 Do Voo vccffﬁﬁ/r\fa}?:, +1.5V < Ve = 3.6V. EvccﬁuGNgzI‘Eﬁ%o.lpF%EﬁE&ﬁc
ST SE 2 M ESDAR YT, JUTE Voo i InF o5 L2 .
14 D1 I/OVce3 CMOS i A/f 3, Ve h B % .
15 c2 I/OVce2 CMOSHi A5 2, Ve S
16 Ci I/OVeet CMOSHi AN/t 1, PAVechE%.
M AXXIV
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SIBILRR (%)
MAX13001E/MAX13004E
G &% Thée
TSSOP UCSP
1 B1 oV 1 CMOSHith 1, PAVL RIS,
2 B2 ovi 2 CMOSHiH 2, PAVL h&%.
3 Al ovL3 CMOSHii3, PV hE%.
4 A2 VL WA, 109V = VL = Vee. 16V HIGND 2 (814520, 1pF 35 B HL 2% .
5 A3 EN HREMA . HENEME, MOVecl EOVecOMIVLIEIVI6H N =75, ENER (V)
i IE# TAE.
6 A4 oV 4 CMOSHit4, AV, hSH%.
7 B3 oV 5 CMOSHiIH S5, AV, hZ%.
8 B4 oV 6 CMOSHith6, LAV S .
9 c4 IVcc6 TR IRE NG, LVechE %,
10 C3 IVce5 TR IRERHTAS, Ve hE%,
11 D4 IVcc4 TR IR A4, Voo hE %,
12 D3 GND H
13 D2 v Vccﬁ'j)\Eﬁ}j—E, +1.5V = VCC =< 3.6V. EVCcﬁGNDZIETHg()l}IF%EZ‘EE%{ %i\
cC BLSE 4 IESDARAY, A Vot InF 35 s 2K
14 D1 IVcc3 FI A NH A3, UVechEH.
15 c2 IVec2 TR IEE A2, UVechZH%.
16 C1 IVeet THRMIER M AL, UVec hE%.
10 2N A

TEL:15013652265 QQ:38537442
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SIBNEEE (%)
MAX13002E/MAX13005E
518 &% e
TSSOP ucsP
1 B1 Vi1 TR AHEA WAL, PV kS %,
2 B2 VL2 TFREIEEMRAL2, DV AE %,
3 Al VL3 TR MRAS, UVLhS .
4 A2 VL B A, +0.9V = VL = Voo 7V AIGND 2 [A]420. 1 pF 32 H LA
5 A3 EN ﬁﬁ’éiﬁ}\o FHENEAL, WOVl ROV IV BIVI6YH A=A, ENEE (V)
B IE# TAE .
6 A4 Y TR A RAL, DIVLASE.
7 B3 VL5 TR MR AG, LIV, hE%,
8 B4 VL6 T AFWFAS, DUVLoASHE,
9 c4 OVceh CMOSH#itti6, PIVec hZ %,
10 C3 OVceh CMOSHith5, PhVec s .
11 D4 OVccé CMOSHith4, UVechE%.
12 D3 GND i
13 D2 Voo ;fﬂcgﬁ/\ﬁag, +L5V = Ve = 3.6V. EVCC%ES}NDZI‘EM%OJ};F%E%E&@ BT
I 52 4= I ESDAR Y, JUHE Voot |pF 25 L2
14 D1 OVee3 CMOSHiti2, PAVec hE%.
15 c2 OVge2 CMOSHiH 3, PUVechZ%.
16 C1 Oveet CMOS#iHi 1, PAVec iz % .
MAXI/M 11
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izt kB /At 7
11OV
90%
Vit Al MAXIMN o Ve
MAX13000E
Tl | I .
—||/0y-veC|-a—
170V _ 1/QVee YOVee
SOURCE 1 e,
Rs I Ciovee
Eal L
= —>
UINUSED /0 ARE GROUNDED. tRISE/FALL < 3ns (MAX13003E/MAX13004E/MAX13005E)
tRISE/FALL < 80ns (MAX13000E/MAX13001E/MAX13002E)
Ela. FKHI/OV] E 1b. FKsh1/OV) B /7 E
i MAXIM Ve Vovee_
MAX13000E
L BN L
170V
1/0Vee
110V, _T_
Ciovt T o < Rs
= 1L
SOURCE
— {RISE/FALL < 3ns (MAX13003E/MAX13004E/MAX13005E)
UNUSED I/0s ARE GROUNDED. tRiSE/FALL < 80ns (MAX13000E/MAX13001E/MAX13002E)
B 2a. Hz)1/OV e F2b. BESH/OV Bt/ E
12 M AXIW
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iz rE B/ 7 [E (4E)

N VL
MAXI EN ]
e MAX13000E 0
SOURCE
I
_,_I_ VL
oV Ve
| 1 0 S 0
— [ Ry ICI/ovcc e Ve
= = 7 Veo/2
/OVee, ————— e 0
ViL
MNAXI /W - t"EN-yC o
e MAX13000E EN 0
SOURCE
= 110V Vi
Hpl o
oV Ve .
—— lCI/O\/CC VOVCC, ﬁ """""""""""""" Vee
- I Voo /2
p— p— N\ 0

ten-vee IS WHICH EVER IS LARGER BETWEEN t'en-vec AND t'En-vee.

K3, ENERE)T , IOV F|I/OV o R R

ViL
MAXI N <ty
ey MAX130006 — 0
Vee
1/0Vee
I/OVee e e 0
gn —
Vee 170V Vi/2
L - 0
Vi
EN -1 EN-VLB]
ZNAXIM | 0
A e MAX13000E
SOURCE VoV Vee
ce_
() S | 0
JOvee SN [ VL
Cove l 11OV L2 .
= = ten-vL IS WHICH EVER IS LARGER BETWEEN t'g-yi AND t"en-yL.

4. ENfERE)T , IOV B IOV BYfE 5 R

MAXIMN 13
TEL:15013652265 QQ:38537442
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£ B
MAX13000E-MAX13005E iZ B P-4 25 4 Z HLE RGN
Byi L i iR L R i ThBE . AMERIEHEE (Vo MV
WESPI M E Z . SV 2 e S dR
1) Voo M4 hm BB A S, RZIRR.
MAX13000E/MAX13003E /& XU [m] B P #5 ¥ 8%, L1 AEAT
B SREL LW (VL < Veo) BHEIRBE, 1M
Jo 7 DIRECTION #i A #2%H . MAX13001E/MAX13002E/
MAX13004E/MAX13005E A B[] FE e 4, AT 70 $50dE 2
B/‘J—/I\ﬁm (VL — Vccﬁ\/cc d VL) iﬁﬁ?%&?ﬁ%%ﬁg%
#. MAX13001E/MAX13002E/MAX13004E/MAX13005E £
) 5 4 45 195 A AT 5 CMOS AT et (OD) #r it iz . &
BTHEZEL, 65 WEEEM AR ZR TR
MAX13000E-MAX13005E i) Vy ] #57 +0.9V £ +3.6V i H,
JE, FrA#IER Voo il #2+1.5V 2 3.6VATHLIE, FEHIE
G4 He ASIC/PLD 5 i He R 45 2 8] 4 B 1% i«
MAX13000E-MAX13005E B A& /N F4pA K Ve #i S HL
Wi, JCWT IV # AS HLUE FLAR T2pA . MAX13000E-
MAXI13005E i 8 Voo il Y /O 32 (it +15kV ESDAR 7, 4%
AN S, TR LR AR YT. ESDIRI AT A AR
RIFR#E (HBM). MAX13000E/MAX13001E/MAX13002E {4
E TAF T 230kbps B FdE 3 % . MAX13003E/MAX13004E/
MAX13005E M AT £E Ve > +1.65V BN T, FIET/ET
20Mbps Y H5 i 8 %

RR

N R IEE TAE, FHMR +1.5V < Vee = +3.6VH
+0.9V = V| = Ve FHERE, E%1%EEVLE$&BE7Z<
¥z M (MW Absolute Maximum Ratings), BIffi HiEL V| =
Vec ARSI, FHRAESY, R VecmFEEm vy
Ui R, STVE V(0 B O R Tm A BRI TS £ RN
HHIE

MAX13000E-MAX13005E # ¥+ M T TAEFE Ve = Vi &1
T, Ak, BMEXREVee, S EASEMIAMBIE. H
T B7 ILZEVO ¥ AR YR 28 _EAT I R IR IR, VL A 1/0
Uiy 11 045 B A i LY

14

MAX13000E-MAX13005E f A () £ 3 R AR A2 BF I e
T A (WA TIEFFPE) . Wahat i bt T
YEFREYE R (7 W Timing Characteristics 3%) .

HimRLIE
MAX13001E/MAX13002E/MAX13004E/MAX13005E ity it A
Gt e Dyl 7 ST U B S T BE V. 24 B A T U A K
FRIF, MAX13001E/MAX13002E/MAX13004E/MAX13005E
TAEER BN, MIFH% (OD) i CMOS i 4555 .
HBCEAERE, 7E CMOS 1 OD fil#5 B A b Fhas A 1 R B
Bt ) o P . 2 LA SR B B 5y . AR IE R
TAE, ERCABHBEARZRT 15kQ, 1 H TAEE B,
TR b HLBE N

BN EK

MAX13000E-MAX13005E4 4 Fh AN [m () 30454, 43 B4R
BER[FE B TAER BE, DL K& CMOS 2 CMOS & 0D & CMOS
B,

20Mbps CMOS ZE CMOS I [a]3% 1458
(MAX13003E)
MAX13003E 3% ] — e B 25 fioh 2 fin ol 8 4y 1 4548 (I15).
BT IE S SR AT =8, YR — s
% Adi (IOVL B I/OV o) &A= BRASES, BRRS fil & i th
X, PEAE—ERK, OO LR A T R/E. |
FH ) TR, 241/0 0 & A4 B 3 w5 8 s 2R
IR ARES, OV e MT/OVY i 11 1 i 23 i H 2 35 2 0%
fih % . 3 2 S B — B4 LU B R A I E R B0 A e % 1) b
FE S, R, XA R N s (s S T B
MWHE, WSIMAXI3003E 4 AR K s &a — M ER
BB R AR (our). FEIEBSIMAX13003E A9 i AR,
A AE ) R R Z IR T XA AR . N TR IE &R
KATRERY 20Mbps $uHim i 2, SMERIKBh 2 AT LT
At
louT = 1.67 x 108 x V x (CIN + Cp)

MAXIMN
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W

< Vee

p

ONE-SHOT

_|

1/0vVL >

INVERTER 1

INVERTER 2

5k

< 1/0Vge

N

ONE-SHOT

_|

%
-

P
ONE-SHOT

INVERTER 4

N
ONE-SHOT

INVERTER 3

K5, 20Mbps CMOS F CMOS XX ) %% #5545 1]

Hep, CpRELMFARE, VERImHBIFERE (VL
8 Vee), CinER3him N ARE (VLMCy = 10pF,
Vee MICy = 20pF).

20Mbps OD ZECMOS & [m 351 52
(MAX13004E/MAX13005E )

MAX13004E/MAX13005E [ £5 14 5 XL m) CMOS 2 CMOS %%
o gh FEA — B, ME— B DX B0 AE T UK 3h 00 9 L R AH B
(inverter 4), 1% A #5% RE % 1& I s % i H 1) 0K 2 R
(WK 6).
ORUEIEF TAE, JF el i 55 0K 3 0 i U . [ 75 2% 42
—A~ A H . h E B A B R BE K T 15k Q.

230kbps CMOS Z CMOS X @44 75
(MAX13000E)

MAX13000E fr £ A4 w48 45 1 ARG 2 Mk 42 Jon o 4% i 14 2%
IR Ry i% s 1 H 75 BEAL 3 230kbps DL Y A BCHE R (ULIET 7).
NPRAIETE % TAE, BBl 2 DU R A fo Rk i bl
P 1kQ, /Mt FLIT ImA .

MAXIMN

230kbps OD ZECMOS H[mj#%# 28
(MAX13001E/MAX13002E )

MAX13001E/MAX13002E 454455 230kbps CMOS £ CMOS
L) i e g AR AL, DX BN AR T8 RE 9% 3 B 9% 3h il I Ui
e AR BhEe 1, I — SRRSO g (L
&[8).
hTIEE TAE, Tt 5 0 s e U 2 R 7
A EHCEBH . by B A B S RE R T 15K Q.
FIOZE H T bk & b 2 g 11 S 0 A P BB A A Pl 8 1
i 2k .

Wi EgEHEC (EN)

MAXI13000E-MAX13005E A& i itk A (EN). XBIEN N
R AT % B MAX13000E-MAX13005Ef /O A =75, 1E
W TAEMEKENEN N & (V).

+15kV ESD{R#A

Al Maxim FAUGSF — 4, ZRIA 1R A 5 1A
ESDARAP 45 H, DGR 70 2B O M A o A 110 e Pl P AR
. VOVec &k EIREA B A LI AR 471, Maxim T
PRI & 0 5 3E (¥ ESD f 47 45 # m] $2 1 5 1% 15k V Y ESD

PP X FPESD R $7 45 #4 ] FEAT (IR 2SR AR 32 R ESD i -

15
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A

20Mbps OPEN-DRAIN-T0-CMOS UNIDIRECTIONAL LEVEL TRANSLATOR

< ViNee

< 0V/0Vee

Voo > Py
P J
ONE-SHOT
o ]
Vee/VL >
INVERTER 2
OPEN-DRAIN INVERTER 1 N |
COMPATIBLE INPUT ONE-SHOT |
p
ONE-SHOT
INVERTER 3

N
ONE-SHOT

CMOS-
COMPATIBLE INPUT

6. 20Mbps OD % CMOS # [t #1145 25 4

230kbps Bidirectional CMOS-T0-CMOS Level Translator

>

5kQ

170V >

< Vee

INVERTER 1 INVERTER 2

5kQ

L J

INVERTER 4 INVERTER 3

< I/0Vee

[&]7. 230kbps CMOS % CMOS W i # #8441

16

MAXIMN
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230kbps OPEN-DRAIN-TO-CMOS UNIDIRECTIONAL LEVEL TRANSLATOR

Voot [ > * <1 ViVee
5kQ
Vo, > <] 0vi/0vee
OPEN-DRAIN INVERTER 1 INVERTER 2 CMOS-
COMPATIBLE INPUT COMPATIBLE INPUT
INVERTER 3

ONE-SHOT

8. 230kbps OD % CMOS # [f] #5145 45

IIN

A
VTH_IN/ Rint :
0 : :
tﬁ)yﬁ
________________________ B Vs;
(Vs- VTH—EN':I; WHERE, Vs = Vg OR Vi

Rint = Ring = 5k FOR CMOS-T0-CMOS TRANSLATORS
Rint = 75kQ FOR OD-TO-CMOS TRANSLATORS

9. MAVINEE ViNHIAETE

MAXIMN

EWIE. =8Bl &id . ESDifdid)s,
Maxim #fF PR IE W TAR MR 2 BE 105 2 1Y 7 i U
ESD {4 A ZFORRIIEA 7 % . MAX13000E-MAXI13005E
MOV 2k R Fl =15k V 1 A ARAE R 170

ESD it £ 14

ESDYEREIK I T8 2 & . ol SR 2, %5 Maxim

SRR, ZWRAE VRN T IR B W Ty e A
R,

A ER

P10 /R AMRBERL, (& 1145 T 24 € il i R BE e LIS 7
AR . ZHA A — 4 100pF YA, #TTH 2
ESDHARELIE, )5, 2o — 4 1.5kQHM, il fr il
GRUE:N G

17
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Rg IMQ Rp 15002

CHARGE-CURRENT-
LIMIT RESISTOR

DISCHARGE
RESISTANCE

HIGH- >
DEVICE
VOLTAGE Cs —L— STORAGE UNDER

DC 100pF —T— CAPACITOR
SOURCE —[ »( TEST

10 A KESD i #7E

!

T Ip 188"? | PEAK-TO-PEAK RINGING
% _+_ (NOT DRAWN TO SCALE)
AMPERES ;
36.8%
10% |-
0l
0 TIME—»>
<> — i —>
CURRENT WAVEFORM

B AR i 5

IEC 61000-4-2%5/# ESD 1R #F

IEC 61000-4-2FrfEH € T HLF RE R ESDI 5 1. 1EC
61000-4-2 B I 5 , 5% Fi 150pEF HE 25 1 3302 FEL BE %o izt
e . MAX13000E-MAX13005E (1 Ve M T/0 3 1 i
JEIEC 61000-4-2FRiE (8KV MU, +10kVABRAH ).

IEC 61000-4-2 8574 BA L HBM B fei 1 ik Fi Ve (L Pl 3 A1 B
FRRER, PR SR LA Y o BB FELBEL AT SR A FEL A

YodzzyF=t

BIFIR#
N FEAR S AR HE A O MR, {8 0. 1 A g e 20K
VLRI Ve 55 23, 8 THifR 52 & 9 +15kV ESD AR,
iR A IpFRA B Vec B, Fra AN R Al REFE IR
U5 IE

18

Re Rp
50Q T0 100Q

CHARGE-CURRENT- DISCHARGE
LIMIT RESISTOR RESISTANCE
HIGH- » DEVICE
VOLTAGE Cs STORAGE UNDER
DC 150pF CAPACITOR | TEST
SOURCE

[l 12, IEC 61000-4-2 42 fl 5 6, M is{ Y

K FUCSPII#ERIZEE

ST UCSP & 2 1) — Mt A7 8 K FL BN il A A Jma 7 T Y 25
J&, W2 Maxim B2 d i e

UCSP AT 4

fn T PR (UCSP) & — ik ERIE A, Sl ARER
oAty 7 IR AR GERYAUBR R SRR . UCSPRY
AREESHAPARTZE . WEARPR DR 6 3055 %
IS . P25 B FTUCSP AR, 1 A 4l o X LA
J7 18T . A A i 0 S0 A 9 1 B R A BE T 5 A% G
AR ZR, RO FERRTRAAESTZ.

BB R T34 HE 2 UCSP $f 3¢ 7 2 i % JE Y — A )
UCSPIE Jr il J7 42 B 3 16 L RO BNl AR B, A
LGB T E A . 528 BT 5 R A I ) 2% A%
PU. SR AR SRR B . A 5 Maxim 9 B & AL
TR WA KR AR, 12 % UCSP R AL (A7

Maxim M %5 : www.maxim-ic.com.cn_F4%E]).

MAXIMN
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ThEEHER

EN

Vee

MNAXI
MAX13000E-MAX13005E

170V 1 1/0Vgci
<
1/0V|.2 1/0Vge2
1/0V3 1/0Vge3
<
1/0VL4 1/0Vec4
I/0V(5 1/0Vged
I/0V 6 1/QVgch
GND
EE
MAXI/V 19
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B T {EFE 7§
+0.9v +2.8V
L—(l 0—_|
0.1uF :I: :I: TuF
+0.9V Vi Vee +2.8V
SYSTEM UM SYSTEM
NTROLLER
CONTROLLER | | 0 MAXT3001E
DATAT oV 1 MAX13004€ Vg1 . DATAT
DATA2 0V 2 (i DATA2
DATA3 oV 3 Vec 3 DATA3
DATA4 vy 4 Vge_4 DATA4
DATAS oV 5 IVee 5 DATAS
DATA6 0V 6 Vee_6 DATA6
GND
+0.9v +2.8V
L—(l 0—_|
0.1uF :I: :I:mF
+0.9v Vi Ve +2.8V
SYSTEM NI SYSTEM
CONTROLLER VAX13002F
"""""""""""" EN  MAx13005E
DATAT |—@ V1 Ve 1 DATAT
DATA2 IV 2 0V 2 DATA2
DATA3 V3 0Vge 3 DATA3
DATA4 V_4 Vg4 DATA4
DATAS V5 0Vge 5 DATAS
DATAG V6 0Vcc_6 DATAG
GND
20 M AXIW
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BT FEE (4)

+0.9v +2.8V
) [
+0.9V VL Veo +2.8V
SYSTEM NI SYSTEM
CONTROLLER VIAX13000F
"""" EN  MAX13003F
DATA1 1/0Vi_1 1/0V¢c_1 DATA1
DATA2 170V, 2 1/0Vec_2 DATA2
DATA3 1/0v, 3 1/0Vcc_3 DATA3
DATA4 10V _4 1/0Vcc_4 DATA4
DATAS 1/0VL_5 1/0Vee 5 DATAS
DATA6 /0VL_6 1/0Vec_6 DATAG
GND
' 1=
by it
DATA NUMBER OF NUMBER OF NUMBER OF
PART RATE BIDIRECTIONAL VL— Vce Vce - VL C;?\lﬁ::isl:-::'(l?lFO‘N
(bps) TRANSLATORS TRANSLATORS TRANSLATORS
MAX13000E 230k 6 — — CMOS-to-CMOS
MAX13001E 230k — — 6 OD-to-CMOS
MAX13002E 230k — 6 — OD-to-CMOS
MAX13003E 20M 6 — — CMOS-to-CMOS
MAX13004E 20M — — 6 OD-to-CMOS
MAX13005E 20M — 6 — OD-to-CMOS
AXIM 21
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SIHIECE (%)

BOTTOM VIEW
MAX13001E/MAX13004E MAX13002E/MAX13005E
Vge3 Vee GND Veed 0Vee3 Vee GND 0Vecd
ol O O O O ol O O O O
IVecl Vg2 Ve Vgcb 0Veet 0Vge2 0Veeh 0Vecb
cl O O O O cfl O O O O
oVt ov2 V5 0V 6 V1 \¥ V|5 IV 6
sl O O O O sl O O O O
ov3 Vi EN ovi 4 V13 Vi EN Vi 4
.0 O 0 O|+].O O OO
1 2 3 4 1 2 3 4
4 X4 UCSP 4 X4 UCSP
TOP VIEW
yov1 [1] [16] 1/0vect ont [ —<—8] weet i [ —P>—

vovi2 [2]
yovi3 [3 ]

VL E MAXIMN

MAX13000E
n [5| MAX13003
vovi [6 |

vovis [7]
vovis [8 |

ool

5l

TSSOP

[15] 1/0vec2
[14] 1ovee3
[13] vec

12] 6o EN
1] ovece
[10] 10Vecs
9 ] 1ovees

ovi2 [2 —<—
ovi3 [3 —<J—

Vi E MAXAVI

MAX13001E
5 | MAX13004E

ovi4 [ 6 F—<—
ovs [7 —<FH—
ovis [8 —<J—

15] oc2
[14] voe3
[13] vec

[12] eno
[11] o4
[10] g5
9 ] 1vecs

TSSOP

2 [2
3 [3]
w ]
B
i [ 6
s [ 7]
s [ 8]

_l>_
_l>_

MAXIMN

MAX13002E
MAX13005E

_l>_

_l>_
_l>_

16] ovec
15] Ovoe2
[14] 0ve3
1] vec

12] o

1] oveed
10] ovees
9 ] ovees

TSSOP

22

MAXIMN
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EWEL (£)

PART TEMP RANGE l':g"(':K .
MAX13000EEBE-T*  -40°C to +85°C gfmunfi’z;iq)
MAX13001EEUE -40°C to +85°C 16 TSSOP

16 UCSP-16

MAX13001EEBE-T*

-40°C to +85°C

(4mm x 4mm)

MAX13002EEUE

-40°C to +85°C

16 TSSOP

MAX13002EEBE-T*

-40°C to +85°C

16 UCSP-16
(4mm x 4mm)

MAX13003EEUE -40°C to +85°C 16 TSSOP
MAX13003EEBE-T*  -40°C to +85°C 16 UCSP-16
(4mm x 4mm)
MAX13004EEUE -40°C to +85°C 16 TSSOP
16 UCSP-16

MAX13004EEBE-T*

-40°C to +85°C

(4mm x 4mm)

MAX13005EEUE

-40°C to +85°C

16 TSSOP

MAX13005EEBE-T*

-40°C to +85°C

16 UCSP-16
(4mm x 4mm)

R

MAXIMN

HESEIR LIRS  r

AR [E P45 e s

PROCESS: BiCMOS

BH1EE
23
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2t f=
i#z‘z Fll%
R FORME (1) B E T REA R Bl RS, WRR Al i 3 4MI(E B, 75 % 10 www.maxim-ic.com.cn/packages. )
2]
o
w
321 E
g, COMMON DIMENSIONS £
% [ MILLIMETERS NCHES S
A MIN. | MAX. | MIN. | MAX. :
G} Al — | 10 043 &
A | 00s 0.15 .002 006 7
H % | 085 | 095 | 033 | .037 =
b | 015 | 030 | .007 | 018
| 019 | 025 | 007 | .00
< | 005 | 020 | .004 | .008
| 005 | o014 | .004 | .006
D [SEE VARIATIONS [SEE VARIATIONS
BOTTON VIEW
I0P VIEW E| 430 | 450 | 169 | 177
e 0.65 BSC 026 BSC
H| 625 | 655 | 246 | 258
5 SEE DETAIL A—\ ¢ L | oso | o70 | .020 | .028
4 fe N\ o C N |SEE_VARIATIONS [SEE_VARIATIONS
Y [N Al <o o 0 °
T (ammmT) = ! «a] 00 | 8 o0 [ 8
mlnls L=
\_Q o.10lc 525 <~ ]
D | A \_SEATING 54‘
PLANE
SIDE VIEW END_VIEV JEDEC VARIATIONS
MO-153 | N MILLIMETERS INCHES
o MIN. | MAX. | MIN. [ MAX.
_! ol AE-1_ |14 D | 490 | 510 | 193 | .20l
AB 16]D] 4% | st [ 193 | .20
WITH PLATIN""\ AC 20| D | 640 | 660 | .252 | .260
1 | AD 24| D | 770 | 790 | 303 | 3l
P a c AE 28| D | 960 | 980 | 378 | .386
BASE METAL —{_ " |
DETAIL A EAD TIP DETAL
NOTES:
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm PER SIDE
3. CONTROLLING DIMENSION' MILLIMETER
4 MEETS JEDEC DUTLINE MO-153. SEE JEDEC VARIATIONS TABLE
. N’ REFERS TO NUMBER OF LEADS DALLAS -
THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE @ LT K
ZONE IS DEFINED BY TWO PARALLEL PLANES. ONE PLANE IS THE SEATING PLANE, sed / /i I/VI
DATUM [-C-]; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-] IN THE e
DIRECTION INDICATED PACKAGE OUTLINE, TSSOP 4.40mm BODY
APFROVAL DOCUMENT CONTROL NO. REV. 1
~DRAWING NOT TO SCALE- 21-0066 G |
Ny
24 M AXIW
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TOP VIEW
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BOTTOM VIEW
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COMMON VARIABLE &
DIMENSIONS PKG. DIMENSIONS | DEPOPULATED >
a | 0.62+005-008 | |CODE > £ | SOLDER BALLS 3
at | 0.29t0.02 Bi6-1 | 2.02£0.05 | 2.020.05 | NONE
a2 | 0.33 REF. B6-2 | 2.020.05 | 2020.05 | B3, C3
b | #0.35£003 B16-3 | 2,020.05 | 2020.05 | B3, C2
D1 | 150 BASIC Bl6-4 | 202005 | 202005 | B2, C3
Et | 150 BASIC B16-5 | 2.02+0,05 | 2024005 | B2, B3, C2, C3
e | 050 BASIC BI6-6 | 2.020.05 | 2.020.05 | C3
sD | 0.25 BASIC
SE | 0.25 BASIC
NOTES:

1. ALL DIMENSIONS ARE IN MILLIMETERS.
2. PRODUCT MARKING: NUMBER OF CHARACTERS
AND LINES VARY PER PRODUCT.

SIDE VIEW

[DRALLAS Sl AIXI/VI

PROPRIETARY INFIRATION
I

PACKAGE OUTLINE, 4x4 UCSP
APPROVAL DOCOMENT CONTROL NG
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