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ST4E1650F

Datasheet

50 Mbps, full-duplex RS485 transceiver with £16 kV IEC 61000-4-2 contact ESD

DFN10 (3 x 3 mm)

Maturity status link

ST4E1650F

DS15117 - Rev 1 - February 2026

protection

Features

. Meets or exceeds the requirements of the TIA/EIA-485A standard
. 3V to 3.6 V supply voltage

. High speed: up to 50 Mbps data rate

. Up to 128 bus nodes

. Receiver hysteresis of 70 mV
. Full-duplex topology
. Integrated protections

- Fail-safe receiver (bus open, idle, and shorted)
- Thermal shutdown protection
- Hot swap capability
- Bus 1/0O ESD protection
° +16 kV IEC61000-4-2 contact discharge
° +30 kV HBM
° +4 kV IEC61000-4-4 fast transient burst
. Low quiescent current in shutdown mode
. -40 °C to +125 °C operating temperature
. Available in DFN10 industry standard

Applications

. Motion controllers

. Optical network

. Building automation and safety

. Video surveillance (building, traffic monitoring)
. Backplane bus

. Grid infrastructure

. Robotics

Description

The ST4E1650F is a low-power differential line transceiver for data transmission
standard RS485 applications in full-duplex mode.

The ST4E1650F operates up to 50 Mbps. It is ideal for multi-point applications in a
constrained and difficult industrial environment. It is robust to ESD transients. In
particular, the bus pins support +16 kV IEC 61000-4-2 contact discharge. It features
robust hot-swap capability during switching on and off, or during plug-in. The fail-safe
receiver ensures a logic-high output when the inputs are shorted, open, or
indeterminate. The high level of receiver hysteresis improves the noise rejection and
the signal integrity.

The ST4E1650F is available in a small 3 mm x 3 mm DFN10 package and operates
in a-40 °C to 125 °C temperature range.

www.st.com

her information, contact your local STMicroelectronics sales office.
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ST4E1650F

Pin configuration

1 Pin configuration
Figure 1. Pin connections
PR ST4E1650F /" 10 | vce
TOP VIEW
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(&) Table 1. Pin description
-
= = = B === E—
9 Digital output Receiver data output
o RE 2 Digital input Receiver enable input, active low (2 MQ internal pull-up)
(D) DE 3 Digital input Driver enable input, active high (2 MQ internal pull-down)
CU)G D 4 Digital input Transmission data input
(D) GND 5 Ground
E Y 6 Bus output Digital bus output
—
Q 7 Bus output Digital bus output
E 8 Bus input Digital bus input
A 9 Bus input Digital bus input
VCC 10 Device supply 3V to 3.6 V supply voltage
EP EP Exposed Pad Connect EP to ground
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Absolute maximum ratings and operating conditions

2 Absolute maximum ratings and operating conditions

Table 2. Absolute maximum ratings

Device supply voltage

Voltage range at A, B, Y and Z terminals -9 14
{7put voltage range at any logic pin (referred to an operating 03 Veet0.3 v
ce)
Short-circuit duration (R, A, B, Y, Z) to GND Continuous
Tstg Storage temperature -65 150 °C
Note: All voltage values, except the differential voltage, are referred to the network ground terminal.

Table 3. ESD ratings

I O T
IEC61000-4-2 ESD (contact discharge), bus terminals and GND +16
IEC61000-4-4 EFT (fast transient or burst) bus terminals and GND +4 kV
ESD HBM, bus terminals and GND +301 @ 4%
JEDEC standard 22, test method A114, HBM, all other terminals +2 kV
JEDEC standard 22, test method C101, (charged device model), all pins +1 kV

1. JEDEC document JEP155 states that 500 V HBM allows for safe manufacturing with a standard ESD control process.

2. JEDEC standard 22, test method A114, HBM (Human Boby Model), bus terminals (A, B, Y, Z), 2 £8 kV (limited by industrial
tester capability).

Measurement for 20 A peak, 100 ns Transmission-Line Pulse (TLP), package level at room temperature.

Prerelease product(s)
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Electrical characteristics

3 Electrical characteristics

Table 4. Operating conditions

Device supply voltage

Vi Input level at any bus terminal (separated or common-mode) -7 12

10 Output current / driver Y, Z -70 70 mA
R Differential load resistance 54 60 Q
CL Differential load capacitance 50 pF
Dr Signaling rate 50 Mbps
Ta Operating free-air temperature -40 125 °C

Operation is specified for internal (junction temperature) up to 150 °C. Self-heating due to internal power
dissipation should be considered for each application. The maximum junction temperature is internally limited by

cycle at max signaling rate

,UT the thermal shut-down circuit, which disables the driver outputs when the junction temperature reaches 170 °C.
N
) . .
&) Table 5. Thermal information
5 T S T T T
[®)
O R Thermal resistance, junction-to-ambient EP /W
S thja connected to ground and use of thermal vias
o
D Table 6. Power dissipation
N ' P
m— Power dissipation, with driver and Unterminated, R = 300 Q, C_ =50 pF 161
() receiver enabled
— Pp
(D) Vec =3.6V, T=125°C, 50% duty | RS485-load: R, =54 Q, C| = 50 pF 163 mw
—
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Electrical characteristics

Table 7. Receiver: operating conditions (Vgg = +3.0 V to 3.6 V, Ta = Thin to Trmax, Unless otherwise specified. Typical
values are Vgc = 3.3 Vand T = 25 °C).

VTH+

VTH-

Vhys

VoH

VoL

loz

los

Rin
tr b
tpHL, tPLH
tsk(p)

tpLz
tpHz

tpzH
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tpzL

tpzH(shdn)

tpzL (shdn)
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Positive-going input threshold voltage
Negative-going input threshold voltage
Receiver differential input voltage

hysteresis

Receiver high-level output voltage

Receiver low-level output voltage
Receiver output high-impedance
current

Receiver output short-circuit current
Receiver input current

DE = GND, Ve = GND or +3.6 V

Receiver input impedance

Receiver output rise/fall time
Receiver propagation delay time
Receiver pulse skew, | tpp—tpLHI,
AVip, =15V

Receiver disable time, from low
Receiver disable time, from high
Receiver enable time to output high
Receiver enable time to output low

Receiver enable time from shutdown to
output high

Receiver enable time from shutdown to
output low

Receiver / DC
-TV=sVgys12V

-TV<Vems12V -200
Figure 12 40
ﬁ = GND, IOH =-2 mA,

Vge-0.2
(VA-VB) > 200 mV
RE = GND, loL =2 mA,
(VA-VB) < -200 mV
0 < VR £ Vg, RE = V. Figure 11 -1
0= VR £ V. Figure 11 -90
V=12V - Figure 10
V| =-7V —Figure 10 -200
-7V = Vinem < +12V 48

Receiver/ switching characteristics

C|_= 15 pF

CL =15 pF with 1 kQ
C_ = 15 pF with 1 kQ
Driver enabled C| = 15 pF with 1 kQ
Driver enabled C| = 15 pF with 1 kQ

Driver disabled C|_ = 15 pF with 1 kQ

Driver disabled C|_ = 15 pF with 1 kQ

-62 -10
-137 mv
75
Vce-0.12
\
GND+0.0 0.2
5
1 MA
90 mA
108 250
pA
-117
kQ
3 6 ns
37 50 ns
2.5 ns
14 30 ns
13 30 ns
45 60 ns
10 30 ns
100 ns
100 ns
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Electrical characteristics

Lys

Table 8. Driver: operating conditions (Vcc =+3.0 V10 3.6 V, Ta = Thin to Tmax, Unless otherwise specified. Typical
values are Vgc = 3.3 Vand T = 25 °C).

DC driver / DC
R =60 Q /375 Q Figure 2

15
Vool Driver differential output voltage TVSVCMs 12V v
magnitude Ry =54 Q Figure 3 1.5 24
RL = 100 Q (RS422) Ve 2 3.0 V 2
ool | Chrgelnmemiudesiamer g <540, -s0pr a0
Vocss) ?ct)izgé-state common-mode output 1 243 3 v
AVoc S:;rgf’:n[%‘gggrf;tt:ég”ver OUPU " Genter of two 27 Q load resistors 0.12 -0.02 0.12
\%
Peak-to-peak driver common-mode
V
OC(PP) output voltage 0.9
2 VoH Single-ended driver output high Y or Z output, |5 or Ig = -20 mA VCC-0.4
]
(&) VoL Single-ended driver output low Y or Z output, Ip or Ig =20 mA 04
g COoD Differential output capacitance DE =RE = V¢, f =4 MHz 22 pF
(@) Cas Differential input capacitance DE =RE =GND, f =4 MHz 10 pF
—
o Driver/switching characteristics
()] t 1 Er::\éer differential output rise/fall 4 6
2, =54Q,C =
8 tpHL, teLi | Driver propagation delay RL =54 Q, C_ =50 pF 13 20
T) tsk(p) Driver pulse skew, |tpy —tpLH| 2 ns
CT) tpLz, tHz  Driver disable time 25
S Receiver enabled 25
(al tpzL, tpzn | Driver enable time : :
Receiver disabled 25 ns

Table 9. Input logic interface (D, DE, E): (Vcc=+3.0V to 3.6 V, Tp = Thin to Thmax, Uunless otherwise specified. Typical
values are Vgc =3.3Vand T = 25 °C).

High-level input voltage 0.7 x Vce
Vi Low-level input voltage 0 0.8 \%
lin Input current 3V<sVgcs36V,Viz=0o0rVcc -5 5 WA
Input impedance on first transition (DE, RE) 3 10 kQ
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Electrical characteristics

Table 10. Supply current and protections: (Vgc = +3.0 V to 3.6 V, Ta = Tin to Thax, Unless otherwise specified. Typical
values are Vgc = 3.3 Vand T = 25 °C).

Supply current

Driver and receiver enabled

— 2 4 mA
DE = V¢, RE = GND, no load
Driver enabled, receiver disabled DE = V¢, 11 28 A
RE = V¢, no load ' ' m

lcc Supply current (quiescent) Driver disabled, receiver enabled
1.1 2.1 mA

DE = GND, RE = GND, no Load

Driver and receiver disabled (shutdown

mode) 0.2 10 7y
DE = GND, RE= V¢, No load

TrsD Thermal shutdown threshold 170
°C

Ttsp_Hys | Thermal shutdown hysteresis 13
los Driver short-circuit output 7V < Vgrort < + 12V 250 250 A

current

Prerelease product(s)

DS15117 - Rev 1 page 7/26



‘_ ST4E1650F
,’ Test circuits

4 Test circuits

In the schematics below, C| includes fixture and instrumentation capacitance.

Figure 2. Driver differential output voltage with common-mode load

375 Q
VCC
DE
Y
D Vob 60 Q —]
z -7V <Vem< 12V
+
— 1 O
- | |
375 Q
/4
/U? Figure 3. Driver differential and common-mode output with RS-485 load
~—’
o Vcc
&
- DE
ﬁ v RL/2
o D
Q VOD
V,
Z OC(PP)
% Rui2 =§L \Yelo] AVoc(ss) A
3 =y
@ 7177
L
Q Figure 4. Driver differential output rise and fall times and propagation delays
—
al Vee e
50%,
DE Vi
D Y . tPLH trHL .
VoD []RL = o 90%
VIT 7 540 50pF u oy
tr tr e
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Test circuits

Figure 5. Driver enable and disable times with active high output and pull-down load

(Véc> D = Vce
z R, c. 50%
oe 1 .
L] tPZHﬂ—’ torz * \: lm Vo
110Q TQO/
Vl|® [ 500 \\L
Y/ /4

Figure 6. Driver enable and disable times with active low output and pull-up load

tPzL |
Vce

"o [ :

/4
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Figure 7. Receiver output rise and fall times and propagation delay

Vcec

RE o

[]500 ov 15pF

/4 77

w[@

i VoH
90%\

VoL
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Test circuits

Figure 8. Receiver enable/disable times with driver enabled

VCC _\ /—Vcc
l Vi
R 1k v

50% \ / 50%

ov
PHZ
=CL=15 pF Vo 90% t Datvee
S1to GND
ov

! Vee
| i Dat 0V
Vo 50% otz sitovee

tPzL(1)

Figure 9. Receiver enable/disable times with driver disabled

cc
OVor1v5 Vi 50%
1kQ

, Vce
ov
Vor Aat 1.5V

PZH(2), at 1.

Vo tpzi 50% B at OV
S1 to GND
—_— =0V
VoL

AatovVv
Bat15V
$1 to VCC

Vo

Figure 10. Receiver input current

RE=0V; Ve @'ov to Ve

/4

-7V to +12V -7V to +12V
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RE=0V

1
Veo=3.3V R : H
ov | )

0V to Vgo
RE = V¢
3V
AI
VCC
o | | '
lozs= : ;
absolute max |
I 0A /T~
oz

(=

oz
absolute max
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Test circuits

Figure 12. Receiver threshold and hysteresis

Vee=3.3V

/4
Figure 13. Short-circuit output current measurement
ISHORT VSHORT
Vee \{ .
0
Z
\(9/ ISHORT VSHORT
)
E @ ©-
-
g When one of the driver outputs is shorted to a voltage source (named VsyorT) between -7 V to +12 V stabilized,
— the current does not exceed 250 mA and the driver is protected.
o
Q Figure 14. Typical full-duplex RS485 network
7))
© z )
(D) m
@ D Y g f
q) DE IY r
o 2 "
R '“_ 120 Q
S — B * /%} *
al .
V4 Y A B V4 Y A
S S
DE "D "R R DE "D "R R
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Typical characteristics

5 Typical characteristics
Figure 15. Driver output voltage vs. driver output current Figure 16. Driver differential output voltage vs. driver
@Vec =33V output current @ Vgc = 3.3V
3.2 VOH(V) S 32
. R o \\
S 28 VOL(V) o 28 SN
) I S 24 —
§ 2.4 R i . |
g 20 3 20
>
3 S 16
2 1.6 -
5 12 g 12
g 5
£ 08 £ 08
a o
2L 04 —— B 0.4
0.0 | 8 00
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
loyr Driver Output current (mA) loyr Driver Output current (mA)
~~
n
—’
O
. . . Figure 18. Driver output current vs. power supply with R
> Figure 17. Receiver output vs. input @ Vcc = 3.3 V 9 P P PPy L
O =54Q
= 35 [ Vih (V) 60
o 5 | Vih(12v)
O ———Vth (7V 55 —
2 25 < 50
m = § 45 /
@®© s 2 g 40
o =
Q & 15 3 35 L
(¢D) 2 32 30
- & 1 3 25
) g
et 0.5 k g 20
D_ 0 15
-180 -160 -140 -120 -100 -80  -60  -40 10

250 270 290 3.10 3.30 3.50 3.70 3.90

VID Differential input voltage (mV) v | " W)
c suply voltage
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Typical characteristics

Figure 19. Supply current vs. data rate Figure 20. Shutdown current vs. temperature, DE = GND,

ﬁ = Vcc
120.0 3.0
Vce=3.3V
100.0 25
< Vc=3.3V, 54Q load
£ 800 / 20
b j <
o | — E
5 60.0 z 15
E /
Q.
= 40.0 V¢c=3.3V, no load w 10
@ L 8
20.0 - — 2 s
00 =— | \\\\\ -
0 10 20 30 40 50 0.0
40 20 0 20 40 60 80 100 120
Data Rate (Mbps)
Temperature (°C)
’U)‘ Figure 21. No-load supply current vs. temperature, Figure 22. No-load supply current vs. temperature,
N DE = GND, RE = GND DE =V¢c, RE = Ve
-]
(&)
=S 2.0 2.0
[®) —Vee=3.3V Vee=3.3V
— < 16 T 16
o = =
o z
m °
o X L|
(D] < 1.2 = 12 =
U) '_| | L —+—TT T 1 T [ t | ——TTT T |
© 3 0.8 ] il T
) g ° g 08
O g
= 0.4 0.4
9 -40 -20 0 20 40 60 80 100 120 40 20 0 20 40 60 80 100 120
D_ Temperature (°C) Temperature (°C)
Figure 23. No-load supply current vs. temperature, Figure 24. Differential driver output voltage vs.
DE = V¢c, RE = GND temperature
40
3.0 Vee=3.3V > Vce=3.3V
g 3
2.6
E Z 30
z o S
‘:| 2.2 3 05 e e o N
L1 = =
il s naEEnEE z
S 18 g 20
X (3}
¢ 3
|
8 1.4 5 15
£
1.0 e 10
40 20 0 20 40 60 80 100 120 40 20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
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Typical characteristics

Figure 25. Driver rise and fall times vs. temperature @

Vec=3.3V
6.0
tr (ns)
55 | —tf(ns)
—_ 5.0
(2}
=
» 4.5 ——
g T
= 40 1 T T
= N O B
5 3.5
&
P 3.0
2
& 25
2.0

40 -20 O 20 40 60 80 100 120

Temperature (°C)

’U)‘ Figure 27. Receiver propagation delay vs. temperature,

~—~ with C; =20 pF

)

&)

> 41

OO 40

— -

o 0 39 ~ troL VC/C— 3V
> 38

b & LIl [

7)) g \ ~— | ~—

8 I i Voo=3.3V T
g 35 rpLH» V.CC™ V-
o

D 4

) 33

—

0 40 20 0 20 40 60 80 100 120

Temperature (°C)

Figure 26. Driver propagation delay vs. temperature @

Vec=3.3V
145 ——tpLH (ns)
14.0 | —— tpHL(ns)
% 135 =
£ L1
>
o 13.0
9]
kel
5§ 125
> =
g 12.0 —
S 1
& 115 =
11.0
40 20 0O 20 40 60 80 100 120

Temperature (°C)

Figure 28. Eye diagram 10 Mbps short line (€1 m)

R R
\\ l! ‘\ ,I
Ey 4\ VBB
j il j Pj 11
Lane1 13318 mul 614 pul 4 674 mul 3.07 mul 3.0mul
SDA Eye EyeHeight EyeCne EyeZero EyeAmpl EyeWidth
Lane1 2868V 3.061V 41 mv 3020V 1002 ns

Figure 29. Eye diagram 30 Mbps short line (< 1 m)

|

A

SDA Jitter

T
Lane1 §9.839 mul

Rj
1.335mul

EyeHeight
2861V

SDAEye
Lane1

EyeOne
3.043Vv

Dj Pj I8l
71.121mul 873 mul 66.9 mUl
EyeZero EyeAmpl EyeWidth

50 mv 2993V 3095ns

DS15117 - Rev 1

page 14/26



‘_ ST4E1650F
’l Detailed description

6 Detailed description

The ST4E1650F is a full-duplex differential RS-485 transceiver, suitable for data transmission up to 50 Mbps. The
device supports one fourth of a unit load, so up to 128 bus nodes can be set. lts functional block diagram is
shown below.

Figure 30. Block diagram

Q3

N

Device functional modes

The various functional modes of the ST4E1650F are detailed in the following function tables.

When the driver enable pin DE is high, the driver is enabled. The differential signal Vgop = Vy - V7 follows the logic
state of the signal present on input D, so Vgp is positive if D is high, Vop is negative when D is low.

In normal operating mode, the D pin has an internal 2 MQ pull-up resistor to V¢, thus when left open while the
driver is enabled, output Y is high and Z low by default.

When DE is logic low, Y and Z are set to high impedance, the driver is disabled, and the D signal does not impact
the outputs. In normal operating mode, the DE pin has an internal 2 MQ pull-down resistor to ground, which
disables the driver by default if left open.

Prerelease product(s)

Table 11. Driver truth table

H H H L

Actively drive bus high

L H L H Actively drive bus low

X L Z 4 Driver disabled

X Open 4 4 Driver disabled by default by 2 MQ pull-down
Open H H L Actively drive bus high by default by 2 MQ pull-up

When the receiver enable pin RE is logic low, the receiver is enabled. When the differential input voltage V|p = Va
- Vg is higher than the positive input threshold V14, the receiver output R becomes high. When V|p is below the
negative threshold V1y., the output R becomes low. And when V|p is in between the two threshold voltages, R is
indeterminate.

If RE is logic high, R is high impedance, and the V|p polarity and voltage do not impact it. The RE -pin has an
internal 2 MQ pull-up resistor, thus when left open, the receiver output is disabled by default.

The ST4E1650F architecture turns receiver output to fail-safe high state when the transceiver is disconnected
from the bus (open), the bus lines A, B are shorted together (short), or the bus is not actively driven (idle).

DS15117 - Rev 1 page 15/26



‘_ ST4E1650F
’l Detailed description
Table 12. Receiver truth table

Differential input V|p = Va-Vg ENABLE RE OUTPUT R

VTH+ < Vip Receive valid bus high

V1H- < ViD < VTh+ Indeterminate bus state

| i R

Vip < VTh- L Receive valid bus low
X H 4 Receiver disabled
X Open 4 Receiver disabled by default
Open-circuit bus L H Fail-safe high output
Short-circuit bus L H Fail-safe high output
Idle (terminated) bus L H Fail-safe high output

Shutdown mode

Shutdown mode is initiated when driving DE low and RE high. In this state, the device draws less than 1 pA of
current in all temperature and power supply conditions. Shutdown mode is typically entered within 2 ys at V¢ =
3.3 V and ambient temperature of 25 °C.

The ST4E1650F is designed for bidirectional data communications on multipoint bus transmission lines. Figure 11
shows a typical network application circuit. To minimize reflections, the line should be terminated at both ends
with its characteristic impedance, and stub lengths should be kept as short as possible from the main line.

Fail-safe receiver

The ST4E1650F has a fail-safe receiver to ensure a logic level on the bus and prevent any indeterminate state.
The following conditions can be detected.

. Open bus, such as a disconnected connector

. A shorted bus, such as a damaged cable creating a short of the twisted pair

. An idle bus, which occurs when no device on the bus is actively driving

In any of these cases, the differential receiver will drive a fail-safe logic high level so that the output of the receiver
is not indeterminate.

Hot-swap capability

The enable pins DE and RE are critical pins during a switch-on or plug-in phase on the RS485 bus. To prevent
these pins from driving unwanted states due to possible disturbances during these steps, the ST4E1650F
features an integrated hot-swap structure to avoid these potential problems.

Assuming a parasitic capacitance may be present on the board between the DE andgND nodes, or RE and Ve
when power supply rises, the MCU may drive an undetermined state on the DE and RE nodes. Depending on the
input impedance on the DE and RE nodes, it can generate an unwanted signal on bus pins Y, Z.

A parasitic capacitance up to 100 pF is efficiently discharged with the hot-swap structure of the ST4E1650F.

The new RS 485 transceiver dynamically manages the input impedance on DE and RE versus Vce. A transient
resistor of 10 kQ is seen during the rising edge of the power supply, during a defined time of 15 ps typically. This
allows fast discharge of parasitic capacitance, preventing any unwanted signal on the bus pins. A second typical
transient resistor of 20 kQ remains present until the Vcc supply is fully established. Then, the 2 MQ pull-down
resistor on DE and pull-up resistors on RE and D are connected during normal operating mode for current
consumption considerations. An example is shown below for the impedance management on the DE terminal.

Prerelease product(s)
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Figure 31. Hot-swap management with DE rising high before and after V¢

DE (driven by MCU) Vee Vee DE (driven by MCU)
[« Timer,15us [€—>| Timer,15ps
time time
Rpytipown pe RpuLipown oe
210MQ 210MQ
2MQ 2MQ
20kQ 20kQ
10kQ time 10kQ time
Hot-swap phase : Operating mode Hot-swap phase Operating mode

Electrostatic discharge (ESD) protection
The ST4E1650F has internal protection against electrostatic discharge (ESD).
At circuit level, the ST4E1650F complies with the human body model (ANSI/ESDA/JEDEC JS-001) to guarantee

~~
wn robustness during the manufacturing process. All the pins of the ST4E1650F sustain 2 kV.
_.\_,/ Because these transceivers are part of a system and can be connected to its outside through the bus terminals,
an protection is implemented on A, B, Y an o comply wi -4-2 standard.
(&) ESD protection is impl tedon A, B,Yand Z t ly with IEC 61000-4-2 standard
> The schematic below compares the simplified pulse generator between the circuit-level ESD pulse and the
®] system-level ESD pulse.
o
o Figure 32. HBM JEDEC (left) and IEC61000-4-2 (right) generator simplified schematics
q) RC RD RC RD
") AW \ A AW A
@ 1MQ 1500Q 50MQ 330Q
@
(D) Generator Cs——100pF DUT Generator Cs 150pF DUT
5 |
| | 1 |
2 T
o L =
Peak current 0.7 A*kV Peak current 3.75 A*kV
Rise time of pulse: 2ns to 10ns Rise time of pulse: 0.6ns to 1ns

For an equivalent ESD pulse voltage, the peak current and rise time of the pulse is much higher for the
IEC61000-4-2 than for the HBM. This can be shown by the pulse diagrams below, for 8 kV and 12 kV
respectively.

Figure 33. HBM JEDEC and IEC61000-4-2 waveforms comparison for different pulses

Generator pulses HBM vs. [EC 8kV Generator pulses HBM vs. IEC 12kV
35 50

30
25 35

20

0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

——HMB 8kV  ——IEC 8kV ——HBM 12kV  ——IEC 12kV
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The IEC61000-4-2 standard is more severe than the HBM ESD test and significantly increases the robustness of
the equipment. IEC61000-4-2 8 kV protections are commonly implemented.

The ST4E1650F furthermore increases the robustness of systems thanks to the dedicated IEC61000-4-2 16 kV
protections on bus terminals. There are two methods of ESD testing: contact discharge and air discharge. In the
contact discharge method, the electrode of the test generator is held in contact with an exposed conductor on the
equipment under test (EUT). In the air discharge, the electrode of the generator is moved from a distance towards
the EUT until an arc occurs. The contact discharge offers the best reproducibility and is chosen to be the test
method for IEC61000-4-2.

The ST4E1650F complies with IEC61000-4-2 16 kV contact discharge.
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7 Package information
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.

71 DFN10 (3x3 mm) package information
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Figure 34. DFN10 (3x3 mm) package outline
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Table 13. DFN10 (3x3 mm) mechanical data

“““
A

0.80 0.90 1.00
A1 0 0.02 0.05
A3 - 0.203 Ref.
0.20 0.25 0.30
D 3.00 BSC
D2 0.15 0.25 0.30
E 3.00 BSC
E2 1.40 1.50 1.60
e 0.50 BSC
K 0.20
0.90 1.00 1.10
,UT aaa 0.05
g bbb 0.10
8 cce 0.10
© ddd 0.05
E eee 0.08
o
(D) Figure 35. DFN10 (3x3 mm) recommended footprint
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Ordering information

8 Ordering information

Table 14. Order code

ST4E1650FIQT -40 °Cto +125 °C DFN10 650F
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Revision history

Table 15. Document revision history

I T

11-Feb-2026 1 Initial release.
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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