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ST2378E

8-bit dual supply 1.71 to 5.5 V level translator with /O V¢ + 15 KV

ESD protection

Features

m High speed
— tpp=15ns (max.)at Ty =85°C
- V=18V
m Guaranteed data rate
— 13 Mbps (1.8 V<V £V £5.5V)
m Low power dissipation
- lrs.vL = lrs.vee = 1WA (max.) at Ty = 85 °C
— lqvL =100 pA (max.) at Ty =85 °C
- IQCC = 10|,lA (max.) at TA =85°C
m Output impedance
- ”OHAI =20 ]JA (mln) at V|_ =1.8 V; VCC =55V
- loa=1.0pA (min.)atV =1.8V; V=55V
m Bidirectional level translation

m Totem pole and open drain driving for I°C
communications

m 5V tolerant on enable pin
m Wide operating voltage range
— Vp(opr)=1.71VtoVgc
— Vge (opr)=171Vito55V
m ESD performance
m HBM > 15 KV ESD protection on I/OV¢ lines
m Lead-free Flip-Chip and TSSOP package

September 2012

Datasheet —production data

Flip-Chip20

TSSOP20

Description

The ST2378E device is an 8-bit, dual supply,
bidirectional level translator with +15 kV ESD
protection on I/Os at V¢ side. It is designed to
interface data transfer between low voltage
ASICs/PLDs and higher voltage systems.
Externally applied voltage, Vo and V|, set logic
levels at both sides with range specified as
1.71V SVL <5.5V and VL SVCC <55V.

For proper operation, V¢ should be set higher
than V.

Utilizing a transmission-gate-based design, this
device allows bidirectional asynchronous data
transfer, which means each channel is allowed to
have either V¢ to V| or V| to V¢ data transfer
direction independently and no direction pin is
required. The ST2378E device operates at
guaranteed data rate of 13 Mbps over the entire
specified operating voltage range.

Among the other features there is included the
OE pin which allows disable mode operation
whereby current consumption is reduced to less
than 1 pA.
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ST2378E Block diagram

1 Block diagram

Figure 1. Block diagram
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Figure 2. Functional diagram (1 I/O line)
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Pin settings ST2378E
2 Pin settings
2.1 Pin connection
Figure 3. Pin connection
U/
Vi dll J20 Ve
1 2 3 4 1/Oviy 2] 119 1/0veer
1/Oveez 3] 116 1/0y
E
O O O O VASVERE| 117 1/Ovecs
D O O O O 1/Ovees 510 J16 1/0vi4
C O O O O I/Ows 6] 115 1/Ovees
I/Ovees 7] 114 1/0ys
B OO
O O I/Ows 8] 115 1/Oveer
A .O O O O |/Ovccg 9[ ]12 |/O\/L8
CS13830 GND 10[ ]H OF
Flip-Chip20 .
(bottom view) bump side TSSOP20 (top view)
2.2 Pin description
Table 1. Pin description
Flip-Chip20 pin N° TSSOP20 pin N° Symbol Name and function
E2, D1, %22 % C2, B1, 2,18,4,16,6,14,8,12| 1/Oy 1101/Oy g Data inputs/outputs
E3, D4, %‘Z ij C3, B4, 19, 8,17,5,15,7,13, 9 | I/Oyccy to I/Oyccs Data inputs/outputs
A2 11 OE Output enable inputs
A3 10 GND Ground (0 V)
E1 1 Vi Positive supply voltage
E4 20 Vee Positive supply voltage
4/20 Doc ID 9489 Rev 2 1S7]




ST2378E

Electrical data

3

3.1

3.2

Electrical data

Maximum ratings

Table 2. Absolute maximum rating
Symbol Parameter Value Unit
Vi Supply voltage -0.3to Ve \"
Vce | Supply voltage -0.3t0 +7.0
Voe DC control input voltage -0.3t0 +7.0 \
VyovL |DC I/Oyy input voltage (OE = GND or V|) -0.3to V| +0.3 \
Vijovce | DC /Oy input voltage (OE = GND or V) -0.3to Vg + 0.3 \'
ik DC input diode current (OE control pin) -20 mA
lioyr |DC output current +25 mA
liovcc | DC output current +25 mA
lscTout S:Srr;circuit duration 1/Oy;, I/Oy¢ driven from 40 mA Continuous mA
lccg | DC Vg or ground current +100 mA
Py |Power dissipation(") 500 mw
Tstg Storage temperature -65 to +150 °C
T Lead temperature (10 sec.) 300 °C
1. 500 mW: = 65 °C derated to 300 mW by 10 mW/°C: 65 °C to 85 °C.
Recommended operating conditions
Table 3. Recommended operating conditions
Symbol Parameter Value Unit
Vi Supply voltage 1.71to Ve \
Vce | Supply voltage 1.71t05.5 \
v, Irr;?;rtre\)/g;tage (OE output enable pin, V| power supply 0t055 Vv
VyovL |!/Oy voltage Oto V| \
Viovce | /Oy voltage 0to Vge
Top Operating temperature -40 to 85 °C
dt/dv | Input rise and fall time (OE control pin)(") 0to 10 ns/V
dt/dv | Input rise and fall time(®) [ <Vi<Vop <5V 01019 nov
Vec=VL=5V Oto3 ns/V
1. Vogfrom 10% V| 10 90% V.
2. VigyL from 10%V_ 1o 90%V; V|ovcc from 10% Ve to 90% Ve.
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Electrical characteristics

ST2378E

4 Electrical characteristics
Table 4. DC specification
Test condition(!) Value
Symbol | Parameter Tp=25°C -40 to 85 °C Unit
@ @ A
VL (V) [ Vee (V)
Min. |Typ.®)| Max. | Min. | Max.
, 18 |V t055 V[-0.2 V[-0.2
High level
v input 25 |V, t055 0.75 V, 0.75 V, v
HL Vlf;gage 33 |V, to55 075V, 075V,
(o) 50 |V, to55 075V, 075V,
1.8 V to5.5 0.15 0.15
Low level
Vo [input 25 |V, t055 0.30 030 |
- |voltage 33 |V, 1055 0.30 0.30
(I/OwL)
5.0 V to5.5 0.30 0.30
, 18 |V t055 V[-0.2 V[-0.2
High level
Vv input 2.5 V|_ to 5.5 0.75 VCC 0.75 VCC v
He vlf;gage 33 |V, t055 0.75 Voo 0.75 Voo
(VOvee) 50 |V t055 0.75 Ve 0.75 Voo
1.8 V to5.5 0.15 0.15
Low level
v input 2.5 V to5.5 0.30 0.30 v
-C " |voltage 33 |V, t055 0.30 0.30
(/Oycc)
5.0 V to5.5 0.30 0.30
. 18 |V to55 V,-0.2 V,-0.2
High level
y input 25 |V, t055 0.75 V| 0.75 V| v
HTS Vg'ltzage 33 |V, to55 075V, 075V,
(0F) 50 |V, t055 0.75 V, 0.75 V,
1.8 V to5.5 0.15 0.15
input
V- \
LTS |voltage 33 |V t055 0.25 V| 0.25
(OE) VL
50 |V, t055 0.25V, 0\'/25
L
High level
output lo=-20 pA
VOHL voltage I/OVCC > VCC -0.2 067 VL 067 VL
170y 1.8to
' V t055 Y
Low level 5.5 L
output lo=1.0mA
VoL |voltage I/Oycc < 0.15 V 0.40 0.40
/0y,
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ST2378E Electrical characteristics
Table 4. DC specification (continued)
Test condition(!) Value
Symbol | Parameter Tpo=25°C -40to 85°C | Unit
VL (V)@ |Vee (1@
Min. |Typ.®)| Max. | Min. | Max.
High level
output lo=-20 pA
Vorc voltage /Oy, > V_-0.2 0.67 Vee 0.67 Vee
1/Ovce 1.8to
. V|, t0o 5.5 \
Low level 5.5 L
output lo=1.0mA
Voie voltage /Oy <0.15V 0.40 0.40
Control
nput 1.810
lrsL  |leakage 5 5 V to55 |V\=GND or5.5 1 1 uA
current ’
(CE)
High
impedance
nput 1.810
ITS-LKG leakage 5 5 V|_ to 5.5 |OE =GND 1 1 UA
current ’
(IOvL,
I/Oycc)
Quiescent
1.81to I/Oyi 1/Oycc
IQVCC supply 55 VL to 5.5 unconnected 0.1 1 10 LLA
current Vg
Quiescent
1.8 to I/Oyi 1/Oycc
lquL  |supply 55 V t05.5 unconnected 13 20 100 | pA
current V_
High
impedance OE = GND
mode 1.8 to I/0Oy = GND to V|_
s quiescent |5.5 VL1055 I/Oycc = GND to ! ! HA
supply Vee
current V|
1. For normal operation, ensure V| < (V¢ + 0.3 V). During power-up, V| > (V¢ + 0.3 V) will not damage the device.
2. Power supply range: V|, Vo 1.8V £5%,25+0.2V,33+03V,5.0+0.5V.
3. Typical values are referred to T = 25 °C.
1S7i Doc ID 9489 Rev 2 7/20




Electrical characteristics ST2378E
Table 5. AC electrical characteristics (totem pole driving)
Test condition(") Value
C.= 15 pF, t, = t; <6 ns®®
Symbol Parameter Driver output -40 to +85 °C Unit
Rr <50 Q
ViV)® | Ve (W)@ | Min. | Typ.® | Max.
1.8 1.8 11 15
1.8 2.5 11 15
tavcc | Rise time I/0ycc® 1.8 3.3 10 15 ns
1.8 5.0 9 15
2.5 3.3 8 15
1.8 1.8 6 15
1.8 2.5 7 15
tryce | Fall time 1/0ycc® 1.8 3.3 8 15 ns
1.8 5.0 10 15
2.5 3.3 6 15
1.8 1.8 12 15
1.8 2.5 10 15
tay.  |Rise time 1/0y, ©) 1.8 3.3 9 15 ns
1.8 5.0 10 15
2.5 3.3 7 15
1.8 1.8 7 15
1.8 2.5 6 15
tey. | Fall time 110y, ®) 1.8 3.3 6 15 ns
1.8 5.0 7 15
2.5 3.3 4 15
1.8 1.8 6 15
1.8 2.5 7 15
tpLH 1.8 3.3 7 15
1.8 5.0 7 15
Propagation delay time(®) 55 33 4 15
tiovL- 1/Oy-LH to I/Oycc- ns
el s | 18 s | 1
1.8 2.5 5 15
toHL 1.8 3.3 6 15
1.8 5.0 8 15
2.5 3.3 4 15
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ST2378E Electrical characteristics
Table 5. AC electrical characteristics (totem pole driving) (continued)
Test condition(") Value
C_L=15pF, t,=t;<6 ns®
Symbol Parameter Driver output -40 to +85 °C Unit
Ry <50 Q
VL V)@ | Ve )@ | Min. | Typ.® | Max.
1.8 1.8 2 15
1.8 25 2 15
tpLH 1.8 3.3 2 15
1.8 5.0 2 15
:j(r)opagancin Icj(e)lay time 55 33 5 15
tiovee-vL vce-LH 10 1/Oy.H ns
\VCC-HL VL-HL
1.8 25 5 15
tpHL 1.8 3.3 5 15
1.8 5.0 6 15
25 3.3 4 15
1.8 1.8 60 80
tpzL tpz Output enable and disable time ns
tpLz tpzL 1.8 5.0 150 200
1.8 1.8 0.1 1
'0SLH | Channel to channel skew time™,® ns
tosHL 1.8 5.0 0.5 1
DR Maximum data rate 1.81t05.0 V_ t05.0 13 Mbps
1. For normal operation, ensure V| < (V¢ + 0.3 V). During power-up, V| > (V¢ + 0.3 V) will not damage the device.
2. FOrVCC=VL=1.8V,tr=th4nS.
3. Power supply range: V|, Vo 1.8V £5%,25+0.2V,33+03V,5.0+0.5V.
4. Typical values are referred to T =25 °C.
5. Rise time: 10% to 90%, fall time 90% to 10%.
6. Propagation delay time: 50% to 50%.
7. Skew is defined as the absolute value of the difference between the actual propagation delay for any two outputs of the

same device switching in the same direction, either HIGH or LOW (tog 1 = | tpLHm - tpLHnl tosHL =1 tPHLm - tPHLN

8. Each translator equally loaded; parameter guaranteed by design.

Doc ID 9489 Rev 2
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Electrical characteristics ST2378E
Table 6. AC characteristic (open drain driving)
Test condition(") Value
C_=15pF, t,=t; <6 ns®
Symbol Parameter Driver output -40 to +85 °C Unit
Rt <50 Q
VLV)® | Ve (V)@ | Min. | Typ.® | Max.
) 1.8 1.8 210 300
trv Rise time 1/Oy, ns
ce ce 1.8 5.0 59 150
Fall /Ou (6) 1.8 1.8 12 30
t all time 1/Oy, ns
Fvee ce 1.8 5.0 20 30
1.8 1.8 210 300
tay. | Rise time /Oy, ®) ns
1.8 5.0 96 150
1.8 1.8 11 30
tey. | Falltime /0y, ©®) ns
1.8 5.0 11 30
1.8 1.8 210 300
Propagation delay time® | tPLH 18 5.0 100 150
tiovL-vee I/OyL.1 to 1/Oyce-LH ns
/O to I/O 1.8 1.8 7 20
VL-HL \VCC-HL tpHL
1.8 5.0 14 20
1.8 1.8 210 300
Propagation delay time® | tPLH 18 5.0 57 150
tiovec-vL I/Oyce-LH to 1/OyL-LH ns
/O to 1/O 1.8 1.8 7 20
VCC-HL 10 VOv-HL topL
1.8 5.0 8 20
1.8 1.8 60 80
tpzL tpz Output enable and disable time ns
tpLz tpzL 1.8 5.0 150 200
1.8 1.8 10 20
'0SLH | Ghannel to channel skew time™,® ns
tosHL 1.8 5.0 2 10
DR Maximum data rate 1.8t05.0 V_ t05.0 800 kbps
1. For normal operation, ensure V< (Vg + 0.3 V). During power-up, V_ > (V¢ + 0.3 V) will not damage the device.
2. For VCC =V|_= 1.8 V, tr=th4 ns.
3. Power supply range: V|, Vgc 1.8V +5%,25+02V,3.3+0.3V,5.0+05V.
4. Typical values are referred to Ty = 25 °C.
5. Rise time:10% to 90%, fall time 90% to 10%.
6. Propagation delay time: 50% to 50%.
7. Skew is defined as the absolute value of the difference between the actual propagation delay for any two outputs of the

same device switching in the same direction, either HIGH or LOW (tosiH = | tpLHm - tpLHnl tosHL =1 tPHLm - tPHLAl-

8. Each translator equally loaded; parameter guaranteed by design.
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ST2378E Test circuit
5 Test circuit
Figure 4. Test circuit
Vi Vee
o O— Vee
1 O—O0PEN
PULSE
GENERATOR O D.U.T. O l O—GND
Rt T CL
- €S14020
Table 7. Test circuit switches
Switch
Test
Driving /Oy Driving I/Oycc Open drain driving
tPLH’ tPHL Open Open Open
tpz1, tpLz Vee 8 -
tozs tpHz GND GND -
Note: C; = 15/50 pF or equivalent (includes jig and probe capacitance).
R; =1 KQor equivalent.
Ry = Zoyr of pulse generator (typically 50 £2).
Table 8. Truth table
Control pin Bidirectional input/outputs
OE /0y /Oycc
H(M H(M H®
H(M L L
L 4 4
1. High level V|_power supply referred.
2. High level V¢ power supply referred.
Note: X = do not care; Z = high impedance.

Doc ID 9489 Rev 2
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Waveforms

ST2378E

6 Waveforms
Table 9. Waveform symbol value
Driving I/Oy Driving I/Oycc
Symbol
1.8V <V <Vee<25V|33V<V <Vee<50V|1.8V<V<Vec<25V |[33V<V,<Vec<50V
ViH Vi Vi Vee Vee
Vim 50% V| 50% V| 50% Vg 50% Ve
Vom 50% Ve 50% Ve 50% Ve 50% Ve
VX VOL +0.15 \ VOL +0.3 \Y VOL +0.15 \ VOL +0.3 \
Vy Von -0.15 V Von -0.3 V Von -0.15 V Von -0.3V
Figure 5. Waveform - propagation delay (f = 1 MHz; 50% duty cycle)
6 ns 6 ns
<_
Vin
/0y
I/O VCC VlM
\ GND
— tpuL
Vv
OH
1/Ovec \
/0y, Vomi
VoL
CS13840V1
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ST2378E Waveforms
Figure 6. Waveform - output enable and disable time (f = 1 MHz; 50% duty cycle)
6 ns 6 ns
4 \ VlH
OF / 90% 90% \
fVim Vim \
10% 10% | X GND
tpzh —l | > e PHZ
Von
/. "
Input high / Vim
GND
tPZL | <<+ —> t+— iPLZ
—\ VL or VCC
Vim
Input low Vi
VoL
CS13850V1
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Package information ST2378E

7 Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK
specifications, grade definitions and product status are available at: www.st.com. ECOPACK
is an ST trademark.
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Package information

Figure 7.

TSSOP20 package outline
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Table 10. TSSOP20 package mechanical data
Dimensions
Symbol mm inch

Min. Typ. Max. Min. Typ. Max.

A 1.2 0.047
A1 0.05 0.15 0.002 0.004 0.006
A2 0.8 1 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.012
c 0.09 0.20 0.004 0.0079
6.4 6.5 6.6 0.252 0.256 0.260

6.2 6.4 6.6 0.244 0.252 0.260

E1 4.3 4.4 4.48 0.169 0.173 0.176

0.0256
e 0.65 BSC BSC
K 0° 8° 0° 8°
0.45 0.60 0.75 0.018 0.024 0.030
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Package information ST2378E
Figure 8. Flip-Chip20 package outline
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Table 11.  Flip-Chip20 package mechanical data
Dimensions
Symbol mm mils
Min. Typ. Max. Min. Typ. Max.
A 0.81 0.89 1.00 31.9 35.0 39.4
A1 0.15 0.24 0.35 5.9 9.4 13.8
A2 0.65 25.6
b 0.25 0.30 0.35 9.8 11.8 13.8
D 2.41 2.46 2.51 94.9 96.9 98.8
D1 2.00 78.7
E 1.93 1.98 2.03 76.0 78.0 79.9
E1 1.5 59.1
e 0.50 19.7
SE 0.25 9.8
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Package information

Figure 9.

TSSOP20 tape and reel outline

Ko

°n)

1. Drawing not in scale.

Table 12. TSSOP20 tape and reel mechanical data
Dimensions
Symbol mm inch
Min. Typ. Max. Min. Typ. Max.

A 330 12.992
C 12.8 13.2 0.504 0.519
D 20.2 0.795

N 60 2.362

T 22.4 0.882
Ao 6.8 7 0.268 0.276
Bo 6.9 71 0.272 0.280
Ko 1.7 1.9 0.067 0.075
Po 3.9 4.1 0.153 0.161

P 11.9 12.1 0.468 0.476
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Package information

ST2378E

Figure 10. Flip-Chip20 tape and reel outline

A
Po
Bo
EOODOD D7
Ko Ao P
1. Drawing not in scale.
Table 13.  Flip-Chip20 tape and reel mechanical data
Dimensions
Symbol mm inch
Min. Typ.- Max. Min. Typ. Max.
A 180 7.086
C 12.8 13.2 0.504 0.519
D 20.2 0.795
N 60 2.362
T 14.4 0.567
Ao 2.13 2.23 2.33 0.084 0.088 0.092
Bo 2.62 2.72 2.82 0.103 0.107 0.111
Ko 1.05 1.15 1.25 0.041 0.045 0.049
Po 3.9 4.1 0.153 0.161
P 3.9 4.1 0.153 0.161
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8

Revision history

Table 14. Document revision history

Date Revision Changes
10-Apr-2006 1 Initial release.
Updated Figure 2 (added resistor values).
Updated notes and cross-references of the notes below Table 4 to
18-Sep-2012 5 Table 6, replaced tgcg by trycc in Table 5 and Table 6.

Updated ECOPACK text in Section 7., reformatted Section 7 (added
Table 10to Table 13, moved note below Figure 9 and Figure 10).
Minor corrections throughout document.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2012 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com
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