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6-Channel High-Speed Logic-Level Translators

General Description Features

The MAX13030E-MAX13035E 6-channel, bidirectional
level translators provide the level shifting necessary for
100Mbps data transfer in multivoltage systems. The
MAX13030E-MAX13035E are ideally suited for memo-
ry-card level translation, as well as generic level trans-
lation in systems with six channels. Externally applied
voltages, Vcc and V|, set the logic levels on either side
of the device. Logic signals present on the V| side of
the device appear as a higher voltage logic signal on
the Vcc side of the device and vice versa. The
MAX13035E features a CLK_RET output that returns the
same clock signal applied to the CLK_V|_ input.

The MAX13030E-MAX13035E operate at full speed ¢ Lead-Free, 16-Bump UCSP (2mm x 2mm) and
with external drivers that source as little as 4mA output 16-pin TQFN (4mm x 4mm) Packages

current. Each 1/O channel is pulled up to Vcc or Vi by

an internal 30pyA current source, allowing the

Compatible with 4mA Input Drivers or Larger
100Mbps Guaranteed Data Rate

Six Bidirectional Channels

Clock Return Output (MAX13035E)

Enable Input (MAX13030E—-MAX13034E)
+15kV ESD Protection on I/0 Vcc Lines

+1.62V < VL < +3.2V and +2.2V < V¢cc < +3.6V
Supply Voltage Range

* & & & o o o

MAXTSOSOE—MAX‘ISOS’C_)E to be driven by either push- "'ypica’ OPerating Circuits
pull or open-drain drivers.
The MAX13030E-MAX13034E feature an enable (EN) 1.8V _ 33V
input that places the device into a low-power shutdown T
mode when driven low. The MAX13030E-MAX13035E Lo
features an automatic shutdown mode that disables the T
part when Vcc is less than VL. The state of I/O Vcc =
and I/O V|__ during shutdown is chosen by selecting the Y oo Ve
appropriate part version (see Ordering Information/ SYSTEM "ﬁf;@;}" 5 6AFD
Selector Guide). CONTROLLER
The MAX13030E-MAX13035E accept Vcc voltages DATS | VOViL - 10Vec_ >| DAT3
from +2.2V to +3.6V and VL voltages from +1.62V to e i o | DAT2
. . (i /0 Vee_ »( DAT1
+3.2V, making them ideal for data transfer between DATO o ov. wovee | D0
low-voltage ASIC/PLDs and higher voltage systems. CMD oV 0Vec. > cvd
The MAX13030E-MAX13035E are available in 16-bump CLOCK > CLKV.  CLK Voo > clLock
UCSP (2mm x 2mm) and 16-pin TQFN (4mm x 4mm) CLOCK_IN CLK_RET
packages, and operate over the extended -40°C to GND GND GND
+85°C temperature range. I ]
Applications =
SD Card Level Translation Typical Operating Circuits continued at end of data sheet.
MiniSD Card Level Translation Functional Diagram and Pin Configurations appear at end
MMC Level Translation of data sheet.

Transflash Level Translation

Memory Stick Card Level Translation . ; ;
Ordering Information/Selector Guide

/O VL_ STATE DURING 1/0 Vcc_ STATE DURING
PART PIN-PACKAGE SHUTDOWN SHUTDOWN PKG CODE
MAX13030EEBE+ 16 UCSP High impedance High impedance B16-1
MAX13030EETE+ 16 TQFN-EP** High impedance High impedance T1644-4
Note: All devices are specified over the -40°C to +85°C operating Ordering Information/Selector guide continued at end of
temperature range. data sheet.
+Denotes a lead-free package.
**EP = Exposed paddle.
MAXIM Maxim Integrated Products 1
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For pricing, delivery, and ordering information, please contact Maxim/Dallas Dn;ﬁﬁg._ [ﬁﬁa ——

1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.



MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND.) Operating Temperature Range ............ccccecevnenn.
VG, VL i -0.3V to +4V Storage Temperature Range .........ccccccoeevveeeen.
/O Ve, CLK_VCC oo -0.3Vto (Vg + 0.3V) Junction Temperature ...........coovveiiiiiiiiii
/O VL, CLK_V, CLK_RET .... -0.3Vto (VL + 0.3V) Bump Temperature (soldering)............
EN -0.3V to +4V Lead Temperature (soldering, 10s)
Short-Circuit Duration /O V|__, 1/O Vcc_,
CLK_Vce, CLK_V|, CLK_RETto GND......oeovvviennnn. Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Bump UCSP (derate 8.2mW/°C)........coovvveviniiiinnn. 660mwW
16-Pin TQFN (derate 25.0mW/°C).....cccccccovviiiiineannnne. 2000mW

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

(Vcc = +2.2V to +3.6V, VL = +1.62V to +3.2V, EN = V|, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc =
+3.3V, VL. = +1.8V and Ta = +25°C.) (Notes 1, 2)

PARAMETER | symBoL | CONDITIONS MIN  TYP MAX | UNITS
POWER SUPPLIES
VL Supply Range Vi (Note 2) 1.62 3.20 \
Vce Supply Range Vce 2.2 3.6 \
Supply Current from Vcc lQvce /O Vee_ = Ve, /0 VL =V, 16 25 bA
Supply Current from V| lQvL I/OVce_=Vee, 10V =V, 6 10 HA
Ta =+25°C, EN = GND or V| > Ve + 0.7V, > 4
MAX13030E-MAX13034E
Ve Shutdown Supply Current ISHDN-VCC HA
Ta = +25°C, VL > Vce + 0.7V, 5 4
MAX13035E,
Ta = +25°C, EN = GND or VL > Ve + 0.7V, 0.1 4
VL Shutdown Supply Current ISHDN-VL MAX13030E-MAX13034E ’ A
Ta = +25°C, VL > Ve + 0.7V, MAX13035E 0.1 4
I/O Vee, 110 VL, CLK Vee B o _
Tri-State Leakage Current ILEAK Ta = +25°C, EN =GND or VL > Vcg + 0.7V 0.1 2 pA
EN Input Leakage Current ILEAK_EN Ta = +25°C, MAX13030E-MAX13034E 1 HA
\'_/||i_g—hvcc Shutdown Threshold VIHH Vg rising 02 0.05V 0.7 N
V| - Vcc Shutdown Threshold VTH L Vo faliing 02 0.1V, 0.7 v
Low -
I/O Vce_ Pulldown Resistance _
During Shutdown Rvce_pp_sp | EN = GND, MAX13032E/MAX13034E 10 16.5 23 kQ
I/O Vce_ Pullup Resistance _
During Shutdown Rvce_pu_sD | EN = GND, MAX13031E 10 16.5 23 kQ
I/O V__ Pulldown Resistance _
During Shutdown RvL_Pp_sp | EN = GND, MAX13033E/MAX13034E 10 16.5 23 kQ
2 MAXIMN
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6-Channel High-Speed Logic-Level Translators

ELECTRICAL CHARACTERISTICS (continued)

(Vce = +2.2V to +3.6V, VL = +1.62V to +3.2V, EN = V|, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc =

+3.3V, V| = 1.8V and Ta = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
I/OVL_, CLK_VL, CLK_RET
Pullup Resistance During RvL_pPu_sp | (VL > Vce + 0.7V), MAX13035E 45 75 105 kQ
Shutdown
I/OVL_, CLK_VL, CLK_RET B _
Pullup Current RvL_Pu EN =Vccor Vi, /0 VL =GND 20 pA
'éo Voo, CLK_Vee Pullup Rvcc pu | EN = Vog or Vi, 1/0 Voo, = GND 20 LA
urrent
I/O VL to I/O Vce DC
R N kQ
Resistance lovL_lovee | (Note 3) 3
ESD PROTECTION (Note 3)
Human Body Model, Cycc = 1.0pF +15
|IEC 61000-4-2 Air-Gap Discharge, 12
/0 Vo, CLK _Vee Cvcc = 1.0uF - KV
|IEC 61000-4-2 Contact Discharge, +8
Cvcc = 1.0uF -
LOGIC-LEVEL THRESHOLDS
I/O VL, CLK_VL Input-Voltage VL -
High Threshold ViHL (Note 4) 02 v
I/O VL_, CLK_VL Input-Voltage
Low Threshold Vi | (Note 4) 015 v
I/O Vce_, CLK_Vcc Input- Vce -
Voltage High Threshold ViHe (Note 4) 0.4 v
I/0 Vce_, CLK Ve Input-
Voltage Low Threshold ViLe (Note 4) 0.2 v
EN Input-Voltage High 3 VL -
Threshold ViH MAX13030E-MAX13034E 04 \
EN Input-Voltage Low ViL MAX13030E-MAX13034E 0.4 \
/O VL, CLK_V|, CLK_RET /O V|, CLK_V|, CLK_RET source current
" V = 2/3V \
Output-Voltage High OHL = 20uA, I/0Vce_=Vee - 0.4V B VL
I/O VL, CLK_VL, CLK_RET I/O VL, CLK_V{, CLK_RET sink current =
Output-Voltage Low VOLL | 50, 1/0 Voo < 0.2V B v
I/0O Voe_, CLK_Vcc Output- v 1/O Vee_, CLK_Vcc source current = 20uA, 2/3 v
Voltage High OHC 1oV =V -02v Vee

MAXIM
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +2.2V to +3.6V, VL = +1.62V to +3.2V, EN = V|, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc =
+3.3V, VL = 1.8Vand Ta = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

I/O Vce_, CLK_Vce Output- v I/O Ve, CLK_Vce sink current = 20pA, 1/3 N
Voltage Low O |yov_<o0.15v vee
RISE/FALL TIME ACCELERATOR STAGE (Note 3)

. On falling edge 3
Accelerator Pulse Duration — ns

On rising edge 3

V| -Output-Accelerator Source VL =1.62V 11 o
Impedance VL =3.2V 6
Vco-Output-Accelerator Source Vce = 2.2V 9 o
Impedance Voo = 3.6V 8
V| -Output-Accelerator Sink Vi =1.62V 9 o
Impedance VL =3.2V 8
Vce-Output-Accelerator Sink Vce =2.2V 10 o
Impedance Vce = 3.6V 9

TIMING CHARACTERISTICS

(Vcc = +2.2V to +3.6V, VL = +1.62V to +3.2V, CjjovL = 15pF, Ciovce = 15pF, Rsource = 150Q, EN = V|, I/O VL_ to I/O Vcc_
rise/fall time = 3ns, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = +3.3V, VL = 1.8V and Ta = +25°C.)
(Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
T Rs = 150Q, Cyjovce = 10pF, Ceik_vee =
/O Vee., CLK Ve Rise Time tRvCC 10pF, push-pull drivers (Figure 1) 29 ns
- Rs = 150Q, Cijovce = 10pF, Ccik_vee =
I/O Ve, CLK Ve Fall Time tFvCC 10pF (Figures 1, 2) 25 ns
/O VL, CLK_V|_ Rise Time Ryl | S = 150 Cuow = 15pF, Colk v = 15pF, 25 ns
push-pull drivers (Figure 3)
/O VL, CLK_VL Fall Time o | 8= 1902 Cyow = 15pF, Colk i = 15pF 25 ns
(Figures 3, 4)
Propagation Delay Rs = 150Q, Cjjovcc = 10pF, CoLk_vee =
(Driving /O Vi, CLK_V() IPVLVEC | 400F . push-pull drivers (Figure 1) 6.5 ns
Propagation Delay Rs = 150Q, CjjovL = 15pF, CcLk_vL = 15pF,
(Driving 1/O Vcc_, CLK_Vce) tPVCC-VL push-pull drivers (Figure 3) 6.5 ns
Channel-to-Channel Skew tSKEW Rs = 150Q, Cyjovcc = 10pF, CijovL = 15pF 0.8 ns
Propagation Delay from i RLoaD = 1MQ, Cijovcc = 10pF (Figure 5) 5 S
/O VL_to I/O Voc_ after EN EN-VCC | (MAX13030E-MAX13034E) H
4 MNAXIM
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6-Channel High-Speed Logic-Level Translators

TIMING CHARACTERISTICS (continued)

(Vcc = +2.2V to +3.6V, VL = +1.62V to +3.2V, CyovL = 15pF, Ciovce = 15pF, Rsource = 150Q, EN = V[, I/O Vi_to I/O Vcc_
rise/fall time = 3ns, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = +3.3V, VL = 1.8V and Ta = +25°C.)

(Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Propagation Delay from ¢ RLoaD = 1MQ, CijovL = 15pF (Figure 5) 5 S
/0 Voc_to 1/0 Vi_ after EN EN-VL | (MAX13030E-MAX 13034E) H

Push-pull operation, Rsource = 150_,
Maximum Data Rate Ciovee_ = 10pF, CyjovL_ = 15pF, 100 Mbps
Ccik_vee = 10pF, CeLk_vi = 15pF

Note 1: All units are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by design
and not production tested.
Note 2: V| must be less than or equal to Ve - 0.2V during normal operation. However, V| can be greater than Vcc during startup

and shutdown conditions and the part will not latch-up or be damaged.

Note 3: Guaranteed by design.

Note 4: Input thresholds are referenced to the boost circuit.

MAXIM
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Typical Operating Characteristics
(Vcec =3.3V, VL = 1.8V, CL = 15pF, RsouRrce = 1509, data rate = 100Mbps, push-pull driver, Ta = +25°C, unless otherwise noted.)

Vi SUPPLY CURRENT vs. V¢g SUPPLY Vi SUPPLY CURRENT vs. Vi SUPPLY Ve SUPPLY CURRENT vs. Vgc SUPPLY
VOLTAGE (DRIVING I/0 V_, Vi =1.8V) VOLTAGE (DRIVING 1/0 V¢c_, Ve = 3.6V) VOLTAGE (DRIVING 1/0 Vi _, V. =1.8V)

850 ‘ ‘ ‘ = 10 —— o 250 - - - 2
DRIVING ONE 1/0 V. g DRIVING ONE 1/0 Vg E DRIVING ONE 1/0 V. E
840 |- g ST g 25 g
_ 830 : _ 8 : . :
= E E 200 v
= 820 E 7 E
L—1 = = /
= 510 = Z ¢ o175 7
3 800 -~ 3 5 e 3 150 -
& 790 Y & = < 125 L
3 / 3 | 3 /
2, 780 23 - 3 P
770 / 2
760 1 75
750 0 50
22 24 26 28 30 32 34 36 16 18 20 22 24 26 28 30 32 22 24 26 28 30 32 34 36
Vg SUPPLY VOLTAGE (V) V| SUPPLY VOLTAGE (V) Vg SUPPLY VOLTAGE (V)
Ve SUPPLY CURRENT vs. Vi SUPPLY SUPPLY CURRENT SUPPLY CURRENT
VOLTAGE (DRIVING 1/0 Vgc_, Vec = 3.6V) vs. TEMPERATURE (DRIVING 1/0 V¢g ) vs. TEMPERATURE (DRIVING 1/0 V)
200 - 18 ‘ ‘ . 20 : : o
195 | DRIVING ONEI/0 Vg g DRIVING ONE 1/0 Vg E 1 [ DRIVING ONE /O Vi £
' : 16 3 ¥ g
§19.0 E 0y | J - _ 16 e H
= 185 < cC e 14
E - E 12 =
2 180 p sl = Z 12
> = 10 &
o175 S 2 10
i} 8 >
g 170 > =8
2 / £ ¢ &
3 16.5 A3 1% 6
~ 160 / 4 L 4
- f \ I
155 2 2 RN
15.0 0 0 I
16 18 20 22 24 26 28 30 32 40 -5 10 35 60 35 40 15 10 35 60 85
V| SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
VL SUPPLY CURRENT vs. CAPACITIVE Ve SUPPLY CURRENT vs. CAPACITIVE RISE/FALL TIME vs. CAPACITIVE
LOAD ON I/0 V_ (DRIVING 1/0 Vg ) LOAD ON I/0 Ve (DRIVING 1/0 V) LOAD ON 1/0 Vg (DRIVING 1/0 V)
50 ‘ ‘ - 20.0 ‘ ‘ 2 1500 .
DRIVING ONE 1/0 Vg ! DRIVING ONE I/0 V. s 1400 A
45 g 195 g E
AN = 5 1300 5
—_ = <C = =
T 40 £ 19.0
E L = 21200 LA
= = =
T 35 // 2 185 L~ % 1100 tRvce //,
3 30 i S 180 = 1000 ,/,/
> > =
= L~ T £ o0 b T e
£ 25 Py S 175 & —
o S & = 800 [
= 20 =170
700
15 165 600
10 16.0 500
0 15 20 25 30 35 40 10 15 20 25 30 35 40 10 15 20 25 30 35 40
CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF) CAPACITIVE LOAD (pF)
6 MAXIV
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6-Channel High-Speed Logic-Level Translators

3000
2750
2500

N
N
133
o

2000
1750
1500
1250
1000

750

500

RISE/FALL TIME (ps)

PROPAGATION DELAY (ns)

MAXIW

RISE/FALL TIME vs. CAPACITIVE
LOAD ON I/0 Vi_ (DRIVING 1/0 Vg )

/
L~
/

T

trvL

MAX13030E toc10

10 15 20 25 30 35 40

CAPACITIVE LOAD (pF)

PROPAGATION DELAY vs. CAPACITIVE
LOAD ON 1/0 Vi_ (DRIVING I/0 Vgg )

MAX13030E toc12

tPHL

10 15 20 25 30 35 40

CAPACITIVE LOAD (pF)

TYPICAL I/0 Vge_ DRIVING
(FREQUENCY = 26MHz, c..m 15pF)

MAX13030E toc14

10ns/div

VOVeg_

2V/div

110V _
1V/div

PROPAGATION DELAY (ns)

5.0

45

40

35

3.0

2.5

2.0

PROPAGATION DELAY vs. CAPACITIVE
LOAD ON I/0 Vcc_ (DRIVING I/0 V)

P |

|1 tPHL

Typical Operating Characteristics (continued)
(Vcec =3.3V, VL = 1.8V, CL = 15pF, RsouRrce = 1509, data rate = 100Mbps, push-pull driver, Ta = +25°C, unless otherwise noted.)

MAX13030E toc11

10 15 20 25 30 35 40

CAPACITIVE LOAD (pF)

TYPICAL I/0 V,_ DRIVING
(FREQUENCY = 26MHz, Ciovcg = 40pF)

MAX13030E toc13

v

TS P P E I SIS S . W -

10ns/div

TYPICAL CLK_ Vi DRIVING

110V
1V/div

1/0 Vg
2V/div

(FREQUENCY = 26MHz, Bcu( VCC = 40pF)

MAX13030E toc15

10ns/div

CLK_ V|
1V/div

CLK_Vee
2V/div

CLK_RET
1V/div
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6-Channel High-Speed Logic-Level Translators

Pin Description

MAX13030E-MAX13035E

PIN
MAX13030E-MAX13034E MAX13035E NAME FUNCTION
UCsP TQFN UCSP TQFN

A1 4 Al 4 [/OVL3 | Input/Output 3. Referenced to V|.

A2 6 A2 6 I/O Vce3 | Input/Output 3. Referenced to V.

A3 7 A3 7 /O Vccd | Input/Output 4. Referenced to Vec.

A4 9 A4 9 /O VL4 | Input/Output 4. Referenced to VL.

B1 3 B1 3 /O VL2 | Input/Output 2. Referenced to VL.

B2 5 B2 5 I/OVce2 | Input/Output 2. Referenced to Vcc.

B3 8 B3 8 I/O Vceh | Input/Output 5. Referenced to Vec.

B4 10 B4 10 /O VL5 | Input/Output 5. Referenced to VL.

C1 > C1 5 i Logic-Supply Yoltage, +1.62V to +3.2V. Bypass VL to GND with
a 0.1uF capacitor placed as close as possible to the device.
Power-Supply Voltage, +2.2V to +3.6V. Bypass Vcc to GND with
a 0.1uF ceramic capacitor. For full ESD protection, connect a

2 16 2 16 Vee 1uF cueramic capacﬁor from Vcc to GNDpas close as possible to
the Vcc input.

C3 13 C3 13 GND Ground

ca 11 . . EN Enable Input. Drive EN to GND for shutdown mode, or drive EN to
VL or V¢ for normal operation.

D1 1 D1 1 1/O V1 Input/Output 1. Referenced to VL.

D2 15 D2 15 /O Vce1 | Input/Output 1. Referenced to Vcc.

D3 14 — — I/O Vcc6 | Input/Output 6. Referenced to V.

D4 12 — — /O VL6 Input/Output 6. Referenced to V.
Clock Return Output. CLK_RET is the returned signal of a clock

o o C4 R CLK_RET applied to CLK_VFE. CLK_RET is referenced to VLg

— — D3 14 CLK_Vcc | Translator Channel for a Clock Applied to Vcc

— — D4 12 CLK_VL | Translator Channel for a Clock Applied to V|

— EP — EP EP Exposed Paddle. Connect exposed paddle to GND.

8 N AXI/V
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6-Channel High-Speed Logic-Level Translators

Test Circuits/Timing Diagrams

Vi ° Voo trvce trvee
R Voo 90% 90%
MAXIMN
MAX13030E-
MAx1303e || e .
Vi Voo L 50%
50% |
VoV, i 110 Ve, /
(CLK_V") (LK Vo) \
= WOVee  10% \ L 10%
150Q = _— R et
I_ Covee (Cok_vee™)
—  *MAX13035E ONLY **MAX13030E-MAX13034E ONLY oy tpHL
tevL-vee = tH OR tpL
Figure 1. Push-Pull Driving I/O V|_ Test Circuit and Timing
VL p Ve trvce trvee
1/0 Ve
vy ENT Vee 90%
MAXIMN
MAX13030E- v
MAX13035E LLGATE__ . JRR N B
Vi Vee 5 50% i L 50%
50% - —50%
1/0Vi_ j)— 1/0Vee_ i
(CLK_V™) (CLK_Vee™) '
- = M L 10%
Veart F Ciovee (Cetk_vee™) 1
L - — -—>
— trLH tPHL

*MAX13035E ONLY

**MAX13030E-MAX13034E ONLY

tPvL-veC = tPHL

Figure 2. Open-Drain Driving I/O VL_ Test Circuit and Timing

MAXIM
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Test Circuits/Timing Diagrams (continued)

tRuL trvL
Vi _‘P—\ ,7 Vee -« -—>
10V,
R Voo /0 Vee
MAXIM
MAX13030E-
MAX13035E
Vi vee } | | |y \
50% 90% 50% 90%
VoV 1 0 Ve £ 50% 50% 4
(CLK_VL*) (CLK Vee™) |
= 1500 R 0%
CiovL F
C T
(Cok ") = tprL
“MAX13035E ONLY “*MAX13030F-MAX13034E ONLY = tPVoC-vL = tLH OR tpHL
Figure 3. Push-Pull Driving I/O Vcc_ Test Circuit and Timing
v —1»—‘ Ve fRvL tryL
[
Vi EN** Vee E
MAXILMN :
MAX13030E- 5
X MAX13035E : 90%
(Cerk ") Vi Vee 50% —+
VoV, e 10 Ve, :
(CLK_VL") (CLK_Vce™) : 10%
j— L _ i/ N
Cou ——
IovL T VGaTE trLH tpHL
(Cokw) = tPyCC-VL = tPHL
"MAX13035E ONLY ~ **MAX13030E-MAX13034E ONLY ~ —
Figure 4. Open-Drain Driving 1/0O Vcc_ Test Circuit and Timing
10 AKXV
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6-Channel High-Speed Logic-Level Translators

Test Circuits/Timing Diagrams (continued)

3

SOURCE

3

|
—

SOURCE

EN MAXIW
v MAX13030E- v
I MAX13034F I/—OV/_
SOURCE i oe-
— 0V _
_,i_ B RLoaD Ciovee
th
o
EN
MAXIMN Lo
I—I Vi MAX13030E- Vg
SOURCE MAX13034F
— oV
TN
1/0 Vg
Iclovcc
N MAXI/WN
VL MAX13030E- Vg
MAX13034E
= _ i
1oV 1/0Vee_
= +
RLoaD C\OVLI chc
MAXI/WN
VL MAX13030E- Ve
MAX13034E

- RLoap

1oV
CiovL

1

110 Ve

1

Vi
EN - >
PEn-vee 0
s
110V,
___________________________________ 0
Vee
110 Vee_ Vg /2 -=--/~-- 0
Vi
EN - >
PEn-vee 0
Vi
110V,
___________________________________ 0
OVee. —— \| = T Vee
Vee/2 K-+ 0

ViL

Vee

Vi

Vi

/2 -

ten-vee IS WHICHEVER IS LARGER BETWEEN t'en-vce AND teN-vee.

Vee

Figure 5. Enable Test Circuit and Timing
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Detailed Description

The MAX13030E-MAX13035E 6-channel, bidirectional
level translators provide the level shifting necessary for
100Mbps data transfer in multivoltage systems. The
MAX13030E-MAX13035E are ideally suited for memory
card level translation, as well as generic level translation
in systems with six channels. Externally applied volt-
ages, Vcc and V|, set the logic levels on either side of
the device. Logic signals present on the V| side of the
device appear as a higher voltage logic signal on the
V¢ side of the device, and vice versa. The MAX13035E
features a CLK_RET output that returns the same clock
signal applied to the CLK_V| input.

The MAX13030E-MAX13035E operate at full speed
with external drivers that source as little as 4mA output
current. Each 1/O channel is pulled up to Vcc or VL by
an internal 30pA current source, allowing the
MAX13030E-MAX13035E to be driven by either push-
pull or open-drain drivers.

The MAX13030E-MAX13034E feature an enable (EN)
input that places the device into a low-power shutdown
mode when driven low. The MAX13030E-MAX13035E
features an automatic shutdown mode that disables the
part when Vcc is less than VL. The state of I/O Vcc_ and
I/O VL_ during shutdown is chosen by selecting the
appropriate part version (see Ordering Information/
Selector Guide).

The MAX13030E-MAX13035E accept Vcc voltages from
+2.2V to +3.6V and V| voltages from +1.62V to +3.2V.

Level Translation
For proper operation, ensure that +2.2V < Vcc = +3.6VY,
and +1.62V = VL= Vcc - 0.2V. When power is supplied to
VL while Vcc is either missing or less than V|,
the MAX13030E-MAX13035E automatically enters a
low- power mode. In addition, the MAX13030E-
MAX13034E enters a low-power mode if EN = OV. This
allows Vcc to be disconnected and still have a known
state on 1/0 V|__. The maximum data rate depends heavily
on the load capacitance (see the Typical Operating
Characteristics Rise/Fall Times), output impedance of the
driver, and the operating voltage range.

Input Driver Requirements
The MAX13030E-MAX13035E architecture is based on
an nMOS pass gate and output accelerator stages (see
Figure 6). Output accelerator stages are always in tri-
state mode except when there is a transition on any of
the translators on the input side, either I/O Vi, CLK_V|,
I/O Vce_, or CLK_Vce. A short pulse is then generated
during which the output accelerator stages become
active and charge/discharge the capacitances at the
I/Os. Due to its architecture, both input stages become

12

Vi Vee

> \ { ENABLE

ENABLE

ENABLE

30uA e

110V l
> . 1 °

VL —» Ve

BOOST
CIRCUIT

1/0 Vg

Vi -— Ve

BOOST
CIRCUIT

NOTES: 1) THE MAX13030E—MAX13034E ARE ENABLED WHEN
Vi <Vieg - 0.2V AND EN = V.
2) THE MAX13035E IS ENABLED WHEN V| < Vg - 0.2V.

Figure 6. Simplified Functional Diagram for One I/O Line

active during the one-shot pulse. This can lead to some
current feeding into the external source that is driving the
translator. However, this behavior helps to speed up the
transition on the driven side.

The MAX13030E-MAX13035E have internal current
sources capable of sourcing 30uA to pullup the 1/O
lines. These internal pullup current sources allow the
inputs to be driven with open-drain drivers, as well as
push-pull drivers. It is not recommended to use exter-
nal pullup resistors on the 1/O lines. The architecture of
the MAX13030E-MAX13035E permit either side to be
driven with a minimum of 4mA drivers or larger.

Output Load Requirements
The MAX13030E-MAX13035E 1/O are designed to drive
CMOS inputs. Do not load the 1/O lines with a resistive
load less than 25kQ and do not place an RC circuit at
the input of these devices to slow down the edges. If a
slower rise/fall time is required, refer to the MAX3000E/
MAX3001E logic-level translator datasheet. For |12C
level translation, refer to the MAX3372E-MAX3379E/
MAXB3390E-MAX3393E datasheet.

Shutdown Mode
The MAX13030E-MAX13034E feature an enable (EN)
input that places the device into a low-power shutdown
mode when driven low. The MAX13030E-MAX13035E
features an automatic shutdown mode that disables the
part when Ve is missing or less than VL.

MAXIMN
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6-Channel High-Speed Logic-Level Translators

Clock Return (CLK_RET)
The MAX13035E features a CLK_RET output that returns
the clock signal applied to CLK_VL. CLK_VL and
CLK_Vcc are identical to the other 1/O channels, the only
difference being that CLK_Vcc is internally tied to the
Vcc side of CLK_RET (see the Functional Diagram).

Application Information

Layout Recommendations
Use standard high-speed layout practices when laying
out a board with the MAX13030E-MAX13035E. For
example, to minimize line coupling, place all other signal
lines not connected to the MAX13030E-MAX13035E at
least 1x the substrate height of the PCB away from the
input and output lines of the MAX13030E-MAX13035E.

Power-Supply Decoupling
To reduce ripple and the chance of introducing data
errors, bypass V[ and V¢ to ground with 0.1uF ceram-
ic capacitors. Place all capacitors as close as possible
to the power-supply inputs. For full ESD protection,
bypass Vcc with a 1uF ceramic capacitor located as
close as possible to the Vcc input.

Unidirectional vs. Bidirectional Level

Translator

The MAX13030E-MAX13035E bidirectional level trans-

lators can operate as a unidirectional device to trans-

late signals without inversion. These devices provide

the smallest solution (UCSP package) for unidirectional
level translation without inversion.

Use with External Pullup/Pulildown
Resistors
Due to the architecture of the MAX13030E-
MAX13035E, it is not recommended to use external
pullup or pulldown resistors on the bus. In certain appli-
cations, the use of external pullup or pulldown resistors
is desired to have a known bus state when there is no
active driver on the bus. For example, this may happen
when interfacing to a memory card slot with no memory
card inserted. The MAX13030E-MAX13035E include
internal pullup current sources that set the bus state
when the device is enabled. In shutdown mode,
the state of I/O Vcc_ and I/O VL_ is dependent on
the selected part version (see Ordering Information/
Selector Guide for further information).

MAXIM

Open-Drain Signaling
The MAX13030E-MAX13035E are designed to pass
open-drain as well as CMOS push-pull signals. When
used with open-drain signaling, the rise time is domi-
nated by the interaction of the internal pullup current
source and the parasitic load capacitance. The
MAX13030E-MAX13035E include internal rise time
accelerators to speed up transitions, eliminating any
need for external pullup resistors.

SD Card Detection
SD, MiniSD, MMC and similar types of cards provide
detection of a card through a pullup resistor on one of
the DAT lines, or by use of a mechanical switch. This
pullup resistor is internal to the memory card itself. The
MAX13030E-MAX13035E only support detection of
a memory card through a mechanical switch, and it
is recommended that the internal resistor for card
detection be switched off by the command interface.
For example, when using SD cards, the command
SET_CLR_CARD_DETECT (ACMDA42) disables this
resistor.

UCSP Applications Information
For the latest application details on UCSP construction,
dimensions, tape carrier information, PCB techniques,
bump-pad layout, and recommended reflow tempera-
ture profiles, as well as the latest information on reliabil-
ity testing results, go to Maxim’s web site at
www.maxim-ic.com/ucsp to find the Application Note:
UCSP — A Wafer-Level Chip-Scale Package.

Chip Information

Process: BiICMOS
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Functional Diagram

Vi Vee Vi Vee
T T T T
MAXI MAXIIVI
MAX13030E- MAX13035
MAX13034E
/0 V1 <—M—> 1/0 Vel /0 V1 <—M—» 1/0 Vel
/0 V2 *M—F 1/0 Vge2 /0 V2 4—%\7@» 1/0Vgc2
1/0 VL3 *M_» 1/0 VCC3 1/0 Vi3 4_@‘,1\7@_» 1/0 VCC3
1/0 Vi 4 +M—» 1/0 Vo4 1/0V 4 <—M—» 1/0 Vo4
I/0 V|5 <—M—» 1/0 Vgch /0 V5 <—M—> 1/0 Vgch
1/0 V.6 <—M—» 1/0 Vg6 CLK_V <—% i » CLK_Vce
EN —»
GND i
= %
- CLK_RET <& 1
GND
1
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6-Channel High-Speed Logic-Level Translators

Pin Configurations

TOP VIEW
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Typical Operating Circuits (continued)

+1.8V _ . . +3.3V
l 0.1uF l 0.1uF lhd:
L L L
Vi Voe
S;;?é/M MAXIMN 3.3V
SYSTEM
CONTROLLER MAX13030E~
MAX13034E
EN > EN
DATA 1 1/0V|_ 1/0Vee_ |- > DATA
6 6
GND GND GND
Ordering Information/Selector Guide (continued)
/O VL_ STATE DURING /0 Vcc_ STATE DURING
PART PIN-PACKAGE SHUTDOWN SHUTDOWN PKG CODE
MAX13031EEBE+* 16 UCSP High impedance 16.5kQ to Vce B16-1
MAX13031EETE+* 16 TQFN-EP** High impedance 16.5kQ to Vce T1644-4
MAX13032EEBE+ 16 UCSP High impedance 16.5kQ to GND B16-1
MAX13032EETE+ 16 TQFN-EP** High impedance 16.5kQ to GND T1644-4
MAX13033EEBE+* 16 UCSP 16.5kQ to GND High impedance B16-1
MAX13033EETE+* 16 TQFN-EP** 16.5kQ to GND High impedance T1644-4
MAX13034EEBE+* 16 UCSP 16.5kQ to GND 16.5kQ to GND B16-1
MAX13034EETE+* 16 TQFN-EP** 16.5kQ to GND 16.5kQ to GND T1644-4
MAX13035EEBE + 16 UCSP 75kQ to VL High impedance B16-1
MAX13035EETE+ 16 TQFN-EP** 75kQ to VL High impedance T1644-4
Note: All devices are specified over the -40°C to +85°C operating
temperature range.
+Denotes a lead-free package.
**EP = Exposed paddle.
16 MAXIMN
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6-Channel High-Speed Logic-Level Translators

Package Information g
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.) b
@ =h
w
o
COMMON VARIABLE 8 u
. DIMENSIONS PKG, DIMENSIONS | DEPOPULATED > (w
a | 0.62+0.05-008 CODE D 5 SOLDER BALLS g u
Wy At | 0294002 Bl6-1 |2.020.05 | 2.02£0.05 | NONE °
G 2
PIN 1 _JV%XXXX A2 | 0.33 REF. Bl6-2 |2.020.05 [ 2.02£0.05 | B3, C3
MARK AREA XXX X b | #0.35£0.03 Bl6-3 | 2.020.05 | 2.02+0.05 | B3, C2 m
XXX D D1 | 150 BASIC Bl6-4 |2.020.05 [2.02£005 | B2, C3 |
E1 | 150 BASIC B16-5 |2.02+0.05 | 2.02+005 | B2, B3, C2, C3 g
pig%’,&g — XXXX e | 050 BASIC Bl6-6 | 2.020.05 | 2.02+0.05 | C3
SD | 025 BASIC >
st | 025 BASIC *
TOP VIEW -y
NOTES: u
1. ALL DIMENSIONS ARE IN MILLIMETERS. °
2. PRODUCT MARKING: NUMBER OF CHARACTERS u
Et AND LINES VARY PER PRODUCT.
st O
=is m
D)
2 [O 0O G ; .
e
! | A2
10010 Or= | v -
=
31O OlO O
1
| g SIDE VIEW
J/eJelle)c:=
T
PINAL_f 1 2 3 4
INDICATOR
DALLAS #WI /1K1 /VI
BOTTOM VIEW recreiagy be oA
TITLE:
PACKAGE OUTLINE, 4x4 UCSP
APPROVAL DOCUMENT CONTROL NO. REV. 1
21-0101 H A
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MAX13030E-MAX13035E

6-Channel High-Speed Logic-Level Translators

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)

wn
2X i
N [ ]0.15|C] —] I::A ;
S z
=z
| —| D2/2
I——n/e 2x 5 _l _ I‘_ L G
£2]0.15] —[ #
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B d_ e 0ED XE] + E —t
{ = 4 |
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INDEX AREA 12 3
@72 % £/ A Ell'_ 3 I PIN L 1D. &
A q_ o x J (0.35x0.35)
.

JOP VIEW BOTTOM MIEW

(R 13 OPTIONAL)
s i@j m
E’F—I\mw I—Hil

g BRALLAS VI AXIVI

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

0.10]

TRV 7
-DRAWING NOT TO SCALE- | 21»0139 | E | 4
| COMMON _DIMENSIONS EXPOSED PAD VARIATIONS
PKG 1BL_4x4 16L_4x4 20L_4x4 24L_4x4 28L 4x4 PKG, 12 €2 By
REF. | MIN. [NOW. | MAX | MIN. | NOW. [ wax | NIN. | NOW. | wax.| NIN. | NOM [ wax.| NIN. [ NOM [ wax.|  [codes wiN. | NON. | wax.| N | Nom | wax [ALLaveD)
A |00 [0.75 | 0.60 070 [ 075 | 080 | 0.70 [075 | 080 | 070 [ 0.73 | 080 | 0.70 075 | 080 | [Tie44-3 | 1.95 | 210 |225] 195 | 210 | 225 | ves
At | 0o Jooe [oos]| 00 [ooe [005 | 00 [ooe 005 | 0o [ooe 005 | 0o [ooe 005 | [T1244-4 [195| 210 [225] 195 2w [225] N
a2 020 REF 0.20 REF 020 REF 0.20 020 REF T1644-3 | 1.95 | 210 [225] 195 | 240 [ 225 vES
030 | 015 [020 [oes| [T1644-4 [195 [ 210 [225] 195 [ 2w [225] N
390 | 400 | 410 | [T2044-2 | 195 | 210 [225] 195 | 210 [223| ves
moun T2044-3 | 195 | 210 [225] 195 [ 210 [ 225 NO
) X T2444-2 | 1,95 | 210 [285] 195 | ea0 [eeS| veS
w Joas[ - | - Joes| - [ - [oes| - | - Joes] - | - ua:l =1 - T2444-3 | 245 260|263 | 243 | 260|263 | veS
L 045055 [065] 045 | 055 065 | 045]055 [ 065 [ 030 | 040 050 [ a30 | e40] 050 Te44a-4 | 245| 260|263 245 | 260] 263| NO
N 12 16 20 24 28 T2844-1 | 20| a60[a70] aso [ ecole7o| N
ND 3 4 s 3 7
N 3 + ] 3 7
i VGGB GG WGGD-1 WGGD-2 WGGE

NOTES:
1. DMENSIONNG & TOLERANCING CONFORM TO ASME Y14.5N—1994,
2. AL DIMENSIONS ARE IN MLLNETERS. ANGLES ARE IN DEGREES.
3N tsmr:mm.mmnrmms
A\ e TRMNL 1 AND TERM IG_CONVENTION S|
J-o 551 svv-mz DETALS, OF TERMNAL ﬂ \DENTIIER ARE OPTONAL. 8UT NUST B LO(‘A'I'ED THN
\TED. THE TERMINAL #1 IDENTFIER MAY BE ENTHER A MOLD OR MARKED

A\ DMENSION b APPLES TO METALLZED TERMINAL AND IS MEASURED BETWEEN 0,25 mm AND 0.30 mm
FRON TERMINAL TP.

ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
7. DEPOPULATION IS POSSBLE N A SYNMETRICAL FASHKON.
A COPLANARITY APPLES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERNINALS.
9. DRAWING CONFORMS TO JEDEC M0220, EXCEPT FOR T2444-3, T2444—4 AND T2844-1.
&MARK\NG IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
11. COPLANARITY SHALL NOT EXCEED 0.08mm
12. WARPAGE SHALL NOT EXCEEND 0.10mm
LEAD CENTERLINES TO BE AT TRUE POSITION AS DEFINED BY BASIC DIMENSION “¢”, +0.05. E
14. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY

PRALLAS /WIAXIVI

T8 PACKAGE OUTLINE,
12,16, 20, 24, 28L TH\N QFN 4x4x0.8mm
PrROVAL 2
~DRAWING NOT TO SCALE- | 21-0139 | E | A

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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