NXS0104 MBD

Dual supply translating transceiver; open drain; auto direction sensing

Product datasheet, Rev. 1.0 Aug 08, 2024

1.General Description

The NXS0104 is a 4-bit, dual supply translating transceiver with auto direction sensing, that
enables bidirectional voltage level translation. It features two 4-bit input-output ports (An and
Bn), one output enable input (OE) and two supply pins (Vcca) and Vees)). Veea) can be supplied
at any voltage between 1.3 V and 5.5 V and V) can be supplied at any voltage between 1.65V
and 5.5 V, making the device suitable for translating between any of the voltage nodes (1.8 V,
2.5V, 3.3 Vand 5.0 V). Pins An and OE are referenced to Vccp) and pins Bn are referenced to
Vee)- A LOW level at pin OE causes the outputs to assume a high-impedance OFF-state. This
device is fully specified for partial power-down applications using lore. The lofe circuitry disables
the output, preventing the damaging backflow current through the device when it is powered
down.

2.Features and Benefits

B Wide supply voltage range:
*  Vcgay 1.3Vto5.5Vand Veee: 1.65Vto 5.5V
B Maximum data rates:
¢ Push-pull: 40 Mbps
¢ Open-drain: 2 Mbps
B | circuitry provides partial Power-down mode operation
M Inputs accept voltagesupto 5.5V
B No power-supply sequencing required — Vcca or Veeg can be ramped first
B Latch-up performance exceeds 100 mA per JESD 78B Class Il
W ESD protection:
e HBM: ANSI/ESDA/JEDEC JS-001 class 2 exceeds 2500 V
e CDM: ANSI/ESDA/JEDEC JS-002 class C3 exceeds 1000 V
B Multiple package options
M Specified from -40 °C to +85 °C and -40 °C to +125 °C
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3.0rdering Information

Table 1. Ordering information

Package
Type number
Name Description Quantity
plastic small outline package; 14 leads;
NXS0104D P-14L 2
5010 50 body width 3.9 mm >00
plastic thin shrink small outline package;
NXS0104PW TSSOP-14L 14 leads; body width 4.4 mm 2500
plastic quad flat no-lead package;
NXS0104RGY QFN3.5x3.5-14L 14 terminals; body 3.5 x 3.5 x 0.8 mm 3000
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4.Function Diagram

Veea) Vee)

OE—*D ‘

T2
ONE ONE
SHOT SHOT
| | |:| 10kQ
I GATE BIAS I

-rrT3

T;

™ T2
ONE ONE

1 stor stor H

|:| 10k0 | | |:| 10 kQ

[GAEBias]

r

.

=
L

o

Al B1

B2

o

T3
” , 1
1 T2
ONE ONE
M shor stor H
| | |:| 10 kQ
[ Bias]

T3
A3 7T B3

1 T2
ONE ONE
[ shor stor H
|:| 10k0 | I |:| 10 kQ
[GateBias |

T3
Ad ‘ 7T ‘ B4

Fig. 1. Logic symbol
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5.Pinning Information

5.1. Pinning
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Fig. 3. Top view pin configuration QFN14L

5.2. Pin description
Table 2. Pin description

Pin
Symbol Description
SOP, TSSOP, and QFN14L
Veea) 1 supply voltage A
AL A2, A3, Ad 23,45 data input or output
(referenced to Veca)
NC 6,9 not connected
GND 7 ground (0V)
OF 8 output enable input (active
HIGH; referenced to Vccia)
B4, B3, B2, B1 10,11, 12,13 data input or output
(referenced to Vcc)
Vi) 14 supply voltage B
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6.Functional Description

Dual supply translating transceiver; open drain; auto direction sensing

Table 3. Function table

H = HIGH voltage level; L = LOW voltage level; X = don't care; Z = high-impedance OFF-state

Supply voltage Input Input/output

Ve [1] | Ve OE An Bn
13Vto55V 1.65Vto55V L z z
13Vto55V 1.65Vto 55V H input or output output or input
GND GND [2] | X z z

(2]

[1] Ve must be less than or equal to V).
[2] When either Vcca) or Veeg) is at GND level, the device goes into power-down mode.
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7.Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not
recommended. In addition, extended exposure to stresses above the recommended operating conditions may
affect device reliability. The absolute maximum ratings are stress ratings only.

Table 4. Absolute Maximum Ratings
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND.

Symbol | Parameter Conditions Min Max Unit
Vee) supply voltage A -0.5 6.5 \Y
Vee) supply voltage B 0.5 6.5 Vi
OE [1] -0.5 6.5 Vv
A input voltage '::l)’dBen; Power-down or 3-state [1] -0.5 6.5 \Y
An, Bn; Active mode [1] (2] [3] -0.5 Ve +0.5 \Y
An, Bn; Power-down or 3-state
Vo output voltage mc;de ’ [1] 0> 6> v
An, Bn; Active mode [1] [3] [4] -0.5 Vceot+0.5 Y
lik input clamping current V<oV -50 mA
lok output clamping current Vo<0OV -50 mA
lo output current Vo =0V to Vceo [2] +50 mA
lcc supply current Iccia) OF lecp) 100 mA
lenp ground current -100 mA
Ptot total power dissipation Tamb =-40 °Cto + 125 °C 250 mW
Tstg storage temperature -65 150 °C

[1] The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
[2] Vca is the supply voltage associated with the input.

[3] Vca + 0.5 V or Veeo + 0.5 V should not exceed 6.5 V.

[4] Vcco is the supply voltage associated with the output.
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8.Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. EnergyMath
does not recommend exceeding them or designing to Absolute Maximum Ratings.

Table 5. Recommended Operating Conditions[1] [2]

Symbol | Parameter Conditions Min Max Unit
Veeia) supply voltage A 1.3 5.5 \Y
Veee) supply voltage B 1.65 5.5 \Y
OE 0 5.5 \Y
Power-down or 3-state mode
An 0 5.5
Vi input voltage Bn 0 55
Active mode \Y
g}' Bn 0 Vea \Y
Power-down or 3-state mode \Y
An 0 5.5 \Y
Vo output voltage Bn 0 5.5 \Y
Active mode \%
An, Bn [4] 0 Vceco \Y
Tamb ambient temperature -40 125 °C
A or B port; push-pull driving
Vv =13V SYv;
At/AV input transition rise and VEEE:; = 1.25 \;(:0555.5 \,/ 10 ns/V
fall rate OE input
Ve =165 V1055V 0 | oy

[1] The A and B sides of an unused 1/0 pair must be held in the same state, both at Vcc or both at GND.
[2] Veeia) must be less than or equal to Vec).

[3] Vca is the supply voltage associated with the input.

[4] Vcco is the supply voltage associated with the output.
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9.Static Characteristics

Table 6. Typical supply current
At recommended operating conditions; voltages are referenced to GND (ground = 0 V); Tamb = 25 °C.

Vecee)
Veea) 1.8V 25V 33V 5.0V Unit
lcc(a) lccis) lcc(a) lecie) lecia) lecis) lcc(a) lccis)
1.3V 0.03 0.001 0.08 0.01 0.15 0.07 0.26 0.35 HA
1.5V 0.03 0.001 0.08 0.004 0.16 0.05 0.30 0.30 LA
1.8V 0.03 0.001 0.08 0.001 0.16 0.03 0.33 0.25 LA
25V 0.07 0.001 0.16 0.001 0.40 0.13 HA
3.3V 0.16 0.001 0.42 0.05 HA
50V 0.43 0.01 HA

Table 7. Static characteristics
At recommended operating conditions. Voltages are referenced to GND (ground = 0 V). All typical values are
measured at Tamb = 25°C. [1]

-40 °C to +85 °C -40 °C to +125 °C
Symbol | Parameter | Conditions Unit
Min Typ Max Min Max

A port
Veea)=1.3Vto 1.95V;
Ve =1.65V105.5V
Ve =2.3Vto 5.5V,
HIGH-level Ve =2.3Vto5.5V

Veca) - 0.2 Vi) Vecea)- 0.2 Veea) \Y

Ve - 0.4 Veea) Veca) - 0.4 Veea) \

Vin input B port

voltage Veew = 1.3 V10 5.5 V;
Veee) = 1.65Vto 5.5V

OE input

Ve =1.3Vto 5.5V,
Veee) = 1.65 V10 5.5 V

Veee) - 0.4 V) V) - 0.4 V) \'%

0.65Vcc(a) Vee(a) 0.65Vcc(a) Veeia) \

A or B port

Veeay =1.3Vto 5.5V;
VCC(B) =1.65Vto55V

LOW-level 0 0.15 0 0.15 \
Vi input -
Voltage OE input

Veeny=1.3Vto 5.5V,

Veee) = 1.65Vto 5.5V

0 0.35Vcc(a) 0 0.35Vcc(a) \Y

A port; lo =-20 pA; V, 2
Veep) - 0.4V
Ve =1.3Vto 5.5V,
Veee) = 1.65 V10 5.5 V
B port; lo =-20 pA; V, >
Veeay-0.2V
Veeny=1.3Vto 5.5V,
Vcep)=1.65Vt05.5V

HIGH-level
Vou output
voltage

0.67Vccn) 0.67Vcci) Vv

0.67Vcca) 0.67Vcca) \Y
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-40 °C to +85 °C -40 °C to +125 °C
Symbol | Parameter | Conditions Unit
Min Typ Max Min Max
AorBport; I0=1mA;
v ;C::N;'f"e' VI<0.15V
> voItF; e Vew =1.3Vt05.5V; 0.4 0.4 Vv
& Veos) = 1.65 V10 5.5V : :
OFF-state A or B port;
loz output Veeay=1.3Vto5.5V; 4 120 HA
current Veep) = 1.65Vto 5.5V
input OE input;
I leakage Veep) =1.3V105.5V; 4 120 HA
current Veep) = 1.65Vt0 5.5V
A port;
ViorVo=0Vto55V,; +4 +20 UA
ower-off Veew =0V,
P Veey=0Vto 5.5V
lore leakage
current B port;
ViorVo=0Vto 55V,
4 120 HA
Veep) =0V,
Veeay=0Vto 5.5V
OE =0V or Vcea);
An, Bn open
lecia)
Veeiay =1.3Vto 5.5V;
12 4 A
Veoe = 1.65 V10 5.5V > H
Veea) =5.5V;
3.7 19 A
Ve =0V 2
Ve =0V,
-1 -1 A
Veos) = 5.5V 2
supply
lec lccs)
current
VCC(A) =13Vto5.5V;
11 A
Veoe = 1.65 V10 5.5 V >3 H
Veew) = 5.5V,
-1 -1 A
Veew =0V K
Veeny =0V,
3.7 19 A
Veos) = 5.5V 2
leca) + leca)
VCC(A) =13Vto5.5V;
21 1 A
Ve = 1.65 V10 5.5V 05 W
input OE input;
G capacitanc | Vcca) =3.3V; 4 pF
e Veepy =3.3V
. A port; Veea) = 3.3 V; Veep)
input/outp —33V
C ut
/o capacitanc enabled 7 pF
e disabled 3.1 pF
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-40 °C to +85 °C -40 °C to +125 °C
Symbol | Parameter | Conditions Unit
Min Typ Max Min Max
B port;
Ve =3.3V;
Veep =3.3V
enabled 7 pF
disabled 31 pF
[1] Veeia) must be less than or equal to Vec).
10. Dynamic Characteristics
Table 8. Dynamic characteristics
Voltages are referenced to GND (ground = 0 V); for test circuit see Fig. 7.
1.8+0.15V | 25V+0.2V |33V+0.3V | 5.0V+05V
Symbol | Parameter Conditions Unit
Typ Typ Typ Typ
VCC(A) =13 V; Tamb = 25°C
HIGH to LOW
trHL propagation AtoB 4.9 6.5 7.8 9.5 ns
delay
LOW to HIGH
oL propagation AtoB 8.6 6.9 6.2 6.0 ns
delay
HIGH to LOW
trHL propagation Bto A 4.5 5.6 6.5 8.7 ns
delay
LOW to HIGH
T propagation Bto A 5.8 5.1 4.9 4.8 ns
delay
ten enable time | OF ©°A B 82 82 82 82 ns
see Fig. 5 [1]
OEto A; 190 190 190 190 ns
. . see Fig.6 [1]
Lais disable time OF to B
174 137 182 131
see Fig.6 [1] 3 8 3 ns
LOWto HIGH | A port 7.4 6.7 6.7 6.5 ns
trH output
transition time | B port 10.2 8.2 6.6 6.5 ns
HIGHto LOW | 5 port 7.3 73 7.6 7.6 ns
trhl output
transition time B port 9.3 12.8 11.2 17.1 ns
output skew between
tsk(0) . P channels 0.7 0.7 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 25 ns
Rev. 1.0 — Aug 08, 2024 10
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| fos | datarate | | 40 40 40 40 | Mbps |
Table 9. Dynamic characteristics for temperature range -40 °C to +85 °C
Voltages are referenced to GND (ground = 0 V); for test circuit see Fig. 7.
Vee)
Symbol | Parameter Conditions 1.8+0.15V | 25Vv+0.2V | 3.3V+03V |50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
Veca) =15V £0.1V
HIGH to LOW
trHL propagation AtoB 6.0 7.0 8.6 10.5 ns
delay
LOW to HIGH
T propagation AtoB 12.6 10.0 8.5 8.0 ns
delay
HIGH to LOW
teHL propagation Bto A 5.1 5.5 5.9 6.5 ns
delay
LOW to HIGH
tein propagation Bto A 8.5 8.0 5.8 5.5 ns
delay
ten enable time OF to. AB; 120 120 120 120 ns
see Fig. 5 [1]
OEtoA; 230 230 230 230 | ns
. . see Fig.6 [1]
Lais disable time OF to B
. 200 150 180 115
see Fig.6 [1] ns
LOWto HIGH | A port 25 | 106 | 2.1 9.5 1.9 9.1 | 1.9 | 89 ns
tTLH output
transition time | B port 41 [ 152 | 32 | 106 | 28 | 87 [ 04 | 75 | ns
HIGHto LOW | A port 30 | 97 | 3.1 | 108 | 31 | 101 | 3.1 | 102 ns
trhl output
transition time | B port 3.0 | 11.7 | 3.6 15.7 4.2 142 | 55 | 214 ns
output skew between
tsk(o) . P channels 0.7 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
fdata data rate 40 40 40 Mbps
Veea) =1.8V £0.15V
HIGH to LOW
tene propagation AtoB 4.5 5.0 5.5 7.5 ns
delay
LOW to HIGH
toLn propagation AtoB 11.3 8.4 6.4 6.1 ns
delay
et HIGH to LOW Bto A 3.5 4.1 4.5 5.5 ns
Rev. 1.0 — Aug 08, 2024 11
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
propagation
delay
LOW to HIGH
trLH propagation Bto A 6.5 6.0 5.0 4.6 ns
delay
OEtoA,B;
ten enable time see Fig. 5 100 100 100 100 ns
(1]
OFtoA; 200 200 200 200 | ns
. . see Fig.6 [1]
Lais disable time OF to B
seeFig.6  [1] 200 150 180 115 ns
LOWto HIGH | A port 23 | 87 | 1.8 | 76 1.6 74 | 15 | 71 ns
trH output
transition time | B port 39 | 142 | 31 9.8 2.7 77 | 2.3 6.8 ns
HIGH to LOW | A port 27 | 92 | 27 | 93 2.7 9.7 | 29 | 98 ns
trhL output
transition time | B port 2.6 9.6 2.9 12.0 3.3 9.8 | 43 | 15.0 ns
output skew between
tsk(0) . P channels 0.7 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
fdata data rate 40 40 40 Mbps
VCC(A) =2.5V+0.2V
HIGH to LOW
L propagation AtoB 2.5 2.7 3.8 ns
delay
LOW to HIGH
teLH propagation AtoB 5.7 5.0 5.2 ns
delay
HIGH to LOW
trHL propagation Bto A 2.8 3.5 4.2 ns
delay
LOW to HIGH
tein propagation Bto A 1.8 1.6 1.5 ns
delay
OEto A, B;
ten enable time see Fig. 5 80 80 80 ns
(1]
OEto A; 150 150 150 | ns
Lais disable time see Fig.6  [1]
OEtoB 150 180 115 ns
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
see Fig.6 [1]
LOWto HIGH | A port 1.7 6.3 1.4 59 | 1.3 | 5.7 ns
tTLH output
transition time | B port 27 | 91 | 24 | 71 | 21| 60- | ns
HIGHto LOW | A port 24 | 9.9 25 | 101 | 25 | 103 ns
trhL output
transition time | B Port 23 | 98 | 25 | 74 |30 | 105 | ns
output skew between
tsk(o) . P channels 0.7 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
fdata data rate 40 40 40 Mbps
Veea=3.3VE03V
HIGH to LOW
tene propagation AtoB 1.9 2.7 ns
delay
LOW to HIGH
T propagation AtoB 3.0 3.5 ns
delay
HIGH to LOW
teHL propagation Bto A 3.0 3.5 ns
delay
LOW to HIGH
tein propagation Bto A 1.9 1.7 ns
delay
. OEto A, B;
ten enable time see Fig. 5 [1] 70 70 ns
OEto A; 180 180 | ns
. . see Fig.6 [1]
Lais disable time
OFEtoB 180 115 | ns
see Fig.6 [1]
LOWto HIGH | A port 1.4 47 | 1.2 | 43 ns
trH output
transition time | B port 2.2 6.6 2 5.8 ns
HIGH to LOW | A port 2.3 73 | 23| 79 ns
trhL output
transition time | B port 2.3 6.9 2.5 9.6 ns
output skew between
tsk(0) . P channels 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 25 ns
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
faata data rate 40 40 40 40 Mbps
Veca) =5.5V0.5V
HIGH to LOW
trHL propagation AtoB 1.8 ns
delay
LOW to HIGH
T propagation AtoB 1.5 ns
delay
HIGH to LOW
teHL propagation Bto A 25 ns
delay
LOW to HIGH
trLH propagation Bto A 2.3 ns
delay
OEto A, B;
ten enable time see Fig. 5 60 ns
(1]
OEtoA; 115 | ns
. . see Fig.6 [1]
Lais disable time
OEtoB 115 ns
see Fig.6 [1]
LOWto HIGH | A port 14 | 6.0 ns
trH output
transition time | B Port 18 | 58 ns
HIGHto LOW | A port 2.2 9.4 ns
trhL output
transition time | B POrt 22 | 92 ns
output skew between
tsk(0) . P channels 0.7 0.7 ns
time
(2]
tw pulse width data inputs 25 25 25 25 ns
fdata data rate 40 40 40 40 Mbps
[1] ten is the same as tpzL and tezy; tais is the same as teiz and tewz.
[2] Skew between any two outputs of the same package switching in the same direction.
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Table 10. Dynamic characteristics for temperature range -40 °C to +125 °C

Dual supply translating transceiver; open drain; auto direction sensing

Voltages are referenced to GND (ground = 0 V); for test circuit see Fig. 7.

Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V [ 50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
Veea) =15V £0.1V
HIGH to LOW
trHL propagation AtoB 6.0 7.0 8.6 10.5 ns
delay
LOW to HIGH
T propagation AtoB 12.6 10.5 9.2 8.5 ns
delay
HIGH to LOW
teHL propagation Bto A 5.1 5.5 5.9 6.5 ns
delay
LOW to HIGH
trLH propagation Bto A 8.5 8.0 5.8 5.5 ns
delay
ten enable time OF to. AB; 120 120 120 120 ns
see Fig. 5 [1]
O to A; 230 230 230 230 | ns
. . see Fig.6 [1]
tais disable time OF to B
. 200 150 180 115
see Fig.6 [1] ns
LOWto HIGH | A port 25 | 108 | 2.1 9.6 1.9 93 | 1.9 | 99 ns
t1LH output
transition time | B port 41 [153 | 32 | 109 | 28 | 89 [ 04 | 77 | ns
HIGHto LOW | A port 30 | 97 | 3.1 | 108 | 31 | 101 | 3.1 | 102 ns
trhL output
transition time | B Port 30 |17 | 36 | 157 | 42 | 142 | 55| 214 | ns
output skew between
tsk(0) . P channels 0.8 0.8 0.8 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
fdata data rate 40 40 40 Mbps
Veewy =1.8V10.15V
tomt HIGHto LOW ) 1o g 45 5.0 5.5 75 | ns
propagation
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
delay
LOW to HIGH
trLH propagation AtoB 11.3 9.0 7.1 6.7 ns
delay
HIGH to LOW
tene propagation Bto A 3.5 4.1 4.5 5.5 ns
delay
LOW to HIGH
teLH propagation Bto A 6.5 6.0 5.0 4.6 ns
delay
OEto A, B;
ten enable time see Fig. 5 100 100 100 100 ns
(1]
OEto A; 200 200 200 200 | ns
. . see Fig.6 [1]
Lais disable time OF to B
. 200 150 180 115
see Fig.6 [1] ns
LOWto HIGH | A port 23 | 89 | 1.8 | 78 1.6 76 | 15 | 7.3 ns
trH output
transition time | B Port 39 |143| 31 | 101 | 27 | 79 |23 | 74 | ns
HIGHto LOW | A port 27 | 92 | 27 | 93 2.7 9.7 | 29 | 98 ns
trHL output
transition time | B Port 26 | 96 | 29 | 120 | 33 | 98 | 43 | 150 | ns
output skew between
tsk(0) . P channels 0.8 0.8 0.8 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
foata data rate 40 40 40 Mbps
Veca) =2.5V0.2V
HIGH to LOW
trHL propagation AtoB 2.7 2.9 4.1 ns
delay
LOW to HIGH
tein propagation AtoB 5.7 5.5 5.8 ns
delay
HIGH to LOW
trHL propagation Bto A 2.8 4.0 53 ns
delay
LOW to HIGH
trLH propagation Bto A 1.8 1.6 1.7 ns
delay
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
OEto A, B;
ten enable time see Fig. 5 80 80 80 ns
(1]
OEto A; 150 150 150 | ns
. . see Fig.6 [1]
Lais disable time OF to B
. 150 180 115
see Fig.6 [1] ns
LOWto HIGH | A port 1.7 | 65 1.4 61 | 1.3 | 58 ns
trm output
transition time | B Port 27 | 93 | 24 | 73 | 21| 62 | ns
HIGH to LOW | A port 2.4 9.9 25 | 101 | 2.5 | 103 ns
trHL output
transition time | B Port 23 | 98 | 25 | 74 |30 | 105 | ns
output skew between
tsk(0) . P channels 0.8 0.8 0.8 ns
time
(2]
tw pulse width data inputs 25 25 25 ns
fdata data rate 40 40 40 Mbps
VCC(A) =3.3V03V
HIGH to LOW
teHL propagation AtoB 2.1 3.0 ns
delay
LOW to HIGH
tein propagation AtoB 3.0 4.0 ns
delay
HIGH to LOW
trHL propagation Bto A 3.5 4.0 ns
delay
LOW to HIGH
teLH propagation Bto A 1.9 1.7 ns
delay
. OEto A, B;
ten enable time seeFig. 5 [1] 70 70 ns
OEto A; 180 180 | ns
. . see Fig.6 [1]
Lais disable time
OFEtoB 180 115 | ns
see Fig.6 [1]
LOWto HIGH | A port 1.4 48 | 1.2 | 44 ns
trn output
transition time | B Port 2.2 6.9 2 6.1 ns
trHL HIGH to LOW A port 2.3 7.3 2.3 7.9 ns
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Veee)
Symbol | Parameter Conditions 1.8+0.15V | 25V+0.2V | 33V+03V |(50V+0.5V | Unit
Min | Max | Min | Max Min Max | Min | Max
output | g port 23 | 69 | 25| 96 | ns
transition time
output skew between
tsk(0) . P channels 0.8 0.8 ns
time
(2]
tw pulse width data inputs 25 25 25 25 ns
foata data rate 40 40 40 40 Mbps
VCC(A) =55V+0.5V
HIGH to LOW
teHL propagation AtoB 1.9 ns
delay
LOW to HIGH
trLH propagation AtoB 1.8 ns
delay
HIGH to LOW
tene propagation Bto A 3.0 ns
delay
LOW to HIGH
teLH propagation Bto A 23 ns
delay
OEto A, B;
ten enable time see Fig. 5 60 ns
(1]
OF to A; 115 | ns
. . see Fig.6 [1]
Lais disable time
OEtoB 115 ns
see Fig.6 [1]
LOWto HIGH | A port 1.4 6.5 ns
trm output
transition time | B POrt 18 | 62 ns
HIGHto LOW | A port 22 | 95 ns
trHL output
transition time | B POrt 221 93 ns
between
tput sk
tsk(0) o.u put skew channels 0.8 ns
time
(2]
tw pulse width data inputs 25 25 25 25 ns
faata data rate 40 40 40 40 Mbps
[1] ten is the same as tpze and tezy; tais is the same as tpiz and teyz.
[2] Skew between any two outputs of the same package switching in the same direction.
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Table 11. Typical power dissipation capacitance [1][2]
Voltages are referenced to GND (ground = 0 V). Tamb=25°C.

Vecia)
13 | 13| 15| 18 | 25 | 25 |33 [33 |50
Symbol | Parameter | Conditions Unit
Veep)
18 | 50 | 1.8 | 1.8 | 25 | 5.0 |33 |50 |50
outputs enabled;
OE = Vccia)
fop;)rt:(d"ed'onA 23 | 32|28 (33917910590 |147]| pF
Aport: (direction B | 5 | 19| 57 | 23 | 10| 05| 02| 01|38 | pF
to A)
fop;rt:(d'red"’"A 55 | 174 | 43 | 26 | 11 [119| 06 | 7.5 | 25 | pF
power fopAo)rt:(d'reCt'onB 25 | 75 | 24 | 24 | 75 | 107 | 86 |11.7 | 120 | pF
Ceo S:s;t?tz::e outputs disabled;
P OE = GND
fop;)rt: (direction A | 6 1 | 0.02 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01 | 0.8 | pF
fop:)rt: (direction B | 11 | 0.02 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01 | 0.01 | pF
fop;rt: (direction A | 51 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | pF
fopA")rt: (direction B | 51 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.8 | pF

[1] CppDis used to determine the dynamic power dissipation (Ppin pW). Po=Cprb x Vcc2x fix N + £(CL x Vcc 2 x fo) where:
fi = input frequency in MHz; fo = output frequency in MHz;

CL = load capacitance in pF; Vcc = supply voltage in V;

N = number of inputs switching; Z(CL x Vcc 2 x fo) = sum of the outputs.

[2] fi= 10 MHz; Vi= GND to Vcc; tr=t=2.5ns; CL=0 pF; RL= = Q.
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10.1. Waveforms and test circuit

Vi
An, Bn
input Vm Vm
GND
*‘ TeHL tpLH
R
Bn, An v v v
output '{"/ M
X
\Y
oL e -
T T

Measurement points are given in Table 12.
VoL and Vo are typical output voltage levels that occur with the output load.

Fig. 4. The data input (An, Bn) to data output (Bn, An) propagation delay times

\%
OE input //VM
GND
Vl e
An, Bn
e ﬂm
GND
ten
Veco
Bn, An
! V
output M
Vou

(1) The enable time (ten) indicates the amount of time the user must allow for one one-shot circuitry to
become operational after OE is taken HIGH. See also Section 11.6

Measurement points are given in Table 12.
VoL is a typical output voltage level that occur with the output load.
Vceo is the supply voltage associated with the output.

Rev. 1.0 — Aug 08, 2024

20




NXS0104

ADD

Dual supply translating transceiver; open drain; auto direction sensing

Fig. 5. Enable times

Vi
OE input S Vi
GND \
~—tpz ™
Veco
output
LOW-to-OFF
Vou Vx
<~z
\'
output A
HIGH-to-OFF
GND
outputs « |, outputs

enabled disabled

Measurement points are given in Table 12.
VoL and Vor are typical output voltage levels that occur with the output load.
Vcco is the supply voltage associated with the output.

Fig. 6. Disable times

Table 12. Measurement points

Supply Voltage Input Output

Vcco Vm Vm Vx Vy

1.8V +0.15V 0.5Vcq 0.5Vcco Vo +0.15V Von-0.15V
25V+0.2V 0.5Vca 0.5Vcco Vo +0.15V Von-0.15V
3.3V+03V 0.5Vca 0.5Vcco VoL +0.3V Vou-0.3V
50V+05V 0.5Vca 0.5Vcco Vou+0.3V Vou-0.3V

[1] Vca is the supply voltage associated with the input.
[2] Vceo is the supply voltage associated with the output.
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t
Vi— W f
Negative
pulse Vm Vi
GND 10%
—> tf |<— —>| tr [
-t |<— —>| tf -
. Vi ‘ 90%
Positive
pulse Vm Vm
GND—1%f t —
I W 1
Vext
Vee)  Vece) |
[ .
V| Vo T
< DUT o j_ 1

Test data is given in Table 13.
All input pulses are supplied by generators having the following characteristics:
PRR < 10 MHz; Zo = 50 Q; dV/dt = 1.0 V/ns.

RL = Load resistance.

CL = Load capacitance including jig and probe capacitance.
Vext = External voltage for measuring switching times.

Fig. 7. Test circuit for measuring switching times

Table 13. Test data

Supply voltage Input Load Vext

Veea) Vees) Vi [1] At/AV C R. [2] ton, tonL tezn, teuz tez1, teiz
1.65V . kQ

13Vto55V v 65 Vto 5.5 Vca <2.5ns/V 15 pF i(lz/IQ ! open open 2Vcco

[1] Vca is the supply voltage associated with the input.
[2] For measuring data rate, pulse width, propagation delay and output rise and fall measurements, R, = 1 MQ. For measuring enable and disable

times, R, = 50 kQ.

[3] Vcco is the supply voltage associated with the output.
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11. Application information

11.1. Applications

Voltage level-translation applications. The NXS0104 can be used in point-to-point applications
to interface between devices or systems operating at different supply voltages. The device is
primarily targeted at I2C or 1-wire which use open-drain drivers, it may also be used in
applications where push-pull drivers are connected to the ports.

1.8V ©- N — 3.3V
I || w1
1pF
OE
1.8V
SYSTEM EXS0104 S\?S'EI;'I;/M
CONTROLLER
< » Al Bl |« »
< » A2 B2 |« >
DATA < > A3 B3 |<¢ > DATA

<€«—>» A4 GND B4 [€—>

r77
Fig. 8. Typical operating circuit

11.2. Architecture

The architecture of the NXS0104 is shown in Fig. 1. The device does not require an extra input
signal to control the direction of data flow from A to B or B to A.

The NXS0104 is a "switch" type voltage translator, it employs two key circuits to enable voltage
translation:

1. A pass-gate transistor (N-channel) that ties the ports together.

2. An output edge-rate accelerator that detects and accelerates rising edges on the I/0 pins.
The gate bias voltage of the pass gate transistor (T3) is set at approximately one threshold
voltage above the Vcc level of the low-voltage side. During a LOW-to-HIGH transition the output
one-shot accelerates the output transition by switching on the PMOS transistors (T1, T2)
bypassing the 10 kQ pull-up resistors and increasing current drive capability. The one-shot is
activated once the input transition reaches approximately 0.5Vcq; it is de-activated
approximately 50 ns after the output reaches 0.5Vcco. During the acceleration time the driver
output resistance is between approximately 50 Q and 70 Q.

To avoid signal contention and minimize dynamic Icc, the user should wait for the one-shot
circuit to turn-off before applying a signal in the opposite direction. Pull-up resistors are
included in the device for DC current sourcing capability.
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11.3. Input driver requirements

As the NXS0104 is a switch type translator, properties of the input driver directly effect the
output signal. The external open-drain or push-pull driver applied to an 1/O determines the
static current sinking capability of the system; the max data rate, HIGH-to-LOW output
transition time (tru) and propagation delay (tpn) are dependent upon the output impedance
and edge-rate of the external driver. The limits provided for these parameters in the datasheet
assume a driver with output impedance below 50 Q is used.

11.4. Output load considerations

The maximum lumped capacitive load that can be driven is dependant upon the one-shot pulse
duration. In cases with very heavy capacitive loading there is a risk that the output will not
reach the positive rail within the one-shot pulse duration.To avoid excessive capacitive loading
and to ensure correct triggering of the one-shot it's recommended to use short trace lengths
and low capacitance connectors on NXS0104 PCB layouts. To ensure low impedance
termination and avoid output signal oscillations and one-shot re-triggering, the length of the
PCB trace should be such that the round trip delay of any reflection is within the one-shot pulse
duration.

11.5. Power up

During operation Vcca) must never be higher than Vcc), however during power-up Veca) = Vecee)
does not damage the device, so any power supply can be ramped up first. There is no special
power-up sequencing required. The NXS0104 includes circuitry that disables all output ports
when either Vcca) or Vee) is switched off.

11.6. Enable and disable

An output enable input (OE) is used to disable the device. Setting OE to LOW causes all I/Os to
assume the high-impedance OFF-state. The disable time (tdis with no external load) indicates
the delay between when OE goes LOW and when outputs actually become disabled. The enable
time (ten) indicates the amount of time the user must allow for one one-shot circuitry to
become operational after OE is taken HIGH. To ensure the high-impedance OFF-state during
power-up or power-down, pin OE should be tied to GND through a pull-down resistor, the
minimum value of the resistor is determined by the current-sourcing capability of the driver.

11.7. Pull-up or pull-down resistors on 1/0 lines

Each A port 1/O has an internal 10 kQ pull-up resistor to Vccn), and each B port I/O has an
internal 10 kQ pull-up resistor to Vccpe). If a smaller value of pull-up resistor is required, an
external resistor must be added parallel to the internal 10 kQ, this will effect the Vo, level.
When OE goes LOW the internal pull-ups of the NXS0104 are disabled.

Rev. 1.0 — Aug 08, 2024 24



NXS0104

DD

Dual supply translating transceiver; open drain; auto direction sensing

12. Package Outline

SOP-14L

D

A2

4 N

|
o
N\ s

/
/

fAfgAAf

El

L HHH

4 H B b

0
T

(
J

N

Symbol [Dimensions In Millimeters |Dimensions In Inches
Min Max Min Max
A —— 1.750 —— 0.069
A1 0.100 0.250 0.004 0.010
A2 1.250 —— 0.049 ——
b 0.310 0.510 0.012 0.020
C 0.100 0.250 0.004 0.010
D 8.450 8.850 0.333 0.348
E 5.800 6.200 0.228 0.244
E1 3.800 4.000 0.150 0.157

e 1.270(BSC) 0.050(BSC)

L 0.400 1.270 0.016 0.050

0 0° 8° 0° 8°

Rev. 1.0 — Aug 08, 2024

25



ADD

NXS0104
Dual supply translating transceiver; open drain; auto direction sensing
TSSOP-14L
b e A
]
EELELT, Y
EEELLEL
< D
of COAA AN «
<
Dimensions In Millimeters Dimensions In Inches
Symool Min. Max. Min. Max.
D 4.900 5.100 0.193 0.201
E 4.300 4.500 0.169 0.177
b 0.190 0.300 0.007 0.012
C 0.090 0.200 0.004 0.008
E1 6.250 6.550 0.246 0.258
A — 1.200 — 0.047
A2 0.800 1.000 0.031 0.039
A1 0.050 0.150 0.002 0.006
e 0.65 (BSC) 0.026 (BSC)
L 0.500 0.700 0.020 0.028
H 0.25(TYP) 0.01(TYP)
0 1° 7° 1° 7°
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QFN3.5x3.5-14L
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+

el

N8

N1

N13 N14 .
U U
— -
— ]
= | & + -
D) D1 -
D) ]
] [
b N6

Top View Bottom View
=2
L L
<
2
Side View
Svmbol Dimensions In Millimeters Dimensions In Inches
ymoo Min. Max. Min. Max.
A 0.700/0.800 | 0.800/0.900 | 0.028/0.031 0.031/0.035
A1 0.000 0.050 0.000 0.002
A3 0.203REF. 0.008REF.
D 3.424 3.576 0.135 0.141
E 3.424 3.576 0.135 0.141
D1 1.950 2.150 0.077 0.085
E1 1.950 2.150 0.077 0.085
k 0.200MIN. 0.008MIN.
b 0.200 0.300 0.008 0.012
e 0.500TYP. 0.020TYP.
el 1.500TYP. 0.059TYP.
L 0.324 0.476 0.013 0.019
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13. Tape and Reel Information

13.1. Carrier tape dimensions

PO A0

P1

T

b

“f
T 7\
B0

\ I
Q1 Q2 G}
Q3 ‘ Q4 I I ‘
/
»
Direction of feed Not drawn to scale
Table 13. Carrier tape dimensions

Package version AO(mm) BO(mm) |K(mm) |T(mm) |P1(mm) W(mm) PO(mm) PIN 1
SOP-14L 6.35 9.1 1.9 0.22 |8 16 4 Q1
TSSOP-14L 6.7 5.45 1.6 0.25 |8 12 4 Q1
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28



NXS0104

D

13.2. Reel and box dimensions
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=
| I | .
A

Table 14. Dimensions and quantities
Package version Type Reel Dimension |ReelWidth (SPQ Reels Outer box dimensions

8 NO.ending |A(mm) W1(mm) (pcs) per box [LXWXH(mm)
SOP-14L D 180 22.4 2500 1 358x340x50
TSSOP-14L PW 180 18.4 2500 1 358x340x50
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14. Abbreviations

Table 15. Abbreviations

Acronym Description

CMOS Complementary Metal-Oxide Semiconductor
DUT Device Under Test

ESD ElectroStatic Discharge

HBM Human Body Model

CDM Charged Device Model

12C Inter-Integrated Circuit

PCB Printed Circuit Board

PRR Pulse Rate Repetition

15. Revision History

Table 16. Revision history

Document ID Release Date Data sheet status Change notice | Supersedes

NXS0104 Rev. 1.0 Aug 08, 2024 Product datasheet
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