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VN5770AK-E

Quad smart power solid state relay

for complete H-bridge configurations

Features
Type Rps(on) lout Vee
VN5770AK-E | 280mQ(" | 8.5A@ 36V

1. Total resistance of one side in bridge configuration

2. Typical current limitation value

m General features

— Inrush current management by active
power limitation on the high-side switches

— Very low standby current

— Very low electromagnetic susceptibility

— In compliance with the 2002/95/EC
European directive

m Protection

— High-side drivers undervoltage shutdown

— Overvoltage clamp

— Output current limitation

— High and low-side overtempur=ture
shutdown

— Short circuit prote.ction
— ESD protectivr
m Diagnosti- f rictions
— Piopartivnal load current sense

— Th=armal shutdown indication on both the
high and low-side switches

Applications

m DC motor driving in full or half bridge
configuration

m All types of resistive, inductive and capacitive
loads

February 2012

Description

The VN5770AK-E i5 ¢ (evice formed by three
monolithic chips hovsed in a standard SO-28
package: a cou bie high-side and two low-side
switchec. "2 Jouble high-side is made using
STMicicelscironics® VIPower® M0-5 Technology,
wh'ie 12 low-side switches are fully protected
“/IPower M0-3 OMNIFET 1. This device is suitable
to drive a DC motor in a bridge configuration as
well as to be used as a quad switch for any low
voltage application.

The dual high-side switches integrate built-in non-
latching thermal shutdown with thermal
hysteresis. An output current limiter protects the
device in overload condition. In case of long
overload duration, the device limits the dissipated
power to a safe level up to thermal shut-down
intervention. An analog current sense pin delivers
a current proportional to the load current
(according to a known ratio) and indicates
overtemperature shutdown of the relevant high-
side switch through a voltage flag.

The low-side switches have built-in non-latching
thermal shutdown with thermal hysteresis, linear
current limitation and overvoltage clamping.

Fault feedback for overtemperature shutdown of
the low-side switch is indicated by the relevant
input pin current consumption going up to the fault
sink current flag.
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VN5770AK-E Block diagram and pin descriptions
1 Block diagram and pin descriptions
Figure 1. Block diagram
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GAPGCFT00544
Table 1. Pin descriptions
No Name Function
1,3,25,28 |DRAIN 3 Drain of Switch 3 (low-side switch)
2 INPUT 3 Input of Switch 3 (low-side switch)
4,11 N.C. Not Connected

q)
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Table 1. Pin descriptions (continued)
No Name Function
5,10, 19,24 | Vg B;Iat:gce)f Switches 1 and 2 (high-side switches) and Power Supply
6 GND Ground of Switches 1 and 2 (high-side switches)
7 INPUT 1 Input of Switch 1 (high-side switches)
8 INPUT 2 Input of Switch 2 (high-side switch)
9 CURRENT Analog current sense pin, it delivers a current proportional to the
SENSE load current
12, 14, 15,18 | DRAIN 4 Drain of switch 4 (low-side switch)
13 INPUT 4 Input of Switch 4 (low-side switch)
16,17 SOURCE 4 Source of Switch 4 (low-side switch) N\
20,21 | SOURCE 2 Source of Switch 2 (high-side switch) N\
22,23 | SOURCE 1 Source of Switch 1 (high-side switch)
26,27 | SOURCE 3 Source of Switch 3 (low-side switch)
Figure 2.  Configuration diagram (top view)
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Table 2. Thermal data
Symbol Parameter Max value Unit
Rihj-case | Thermal resistance junction-lead (high-side switch) 10 °C/W
Rihj-case | Thermal resistance junction-lead (low-side switch) 7 °C/W
Rihj-amb | Thermal resistance junction-ambient See Figure 39 °C/W

J
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Absolute maximum ratings

2

2.1

4

Absolute maximum ratings

Stressing the device above the rating listed in Table 3 and Table 4 may cause permanent

damage to the device. These are stress ratings only and operation of the device at these or
any other conditions above those indicated in the Operating sections of this specification is
not implied. Exposure to the conditions in Section 2.1: Absolute maximum ratings for
extended periods may affect device reliability.

Absolute maximum ratings

Table 3. Dual high-side switch
Symbol Parameter Valu« Unit
Vce | DC supply voltage 43 \Y
-Vcc | Reverse DC supply voltage il 0.3 \Y
-lgnp | DC reverse ground pin current 200 mA
lout | DC output current Internally limited | A
-lout | Reverse DC output current -12 A
N DC input current -1t0 10 mA
Icsp | DC current sense disable inpu curen? -1t0 10 mA
Vec-41 \
Vesense | Current sense maximum veitage ce
+VCC \%
Maximum switcir.q criergy (single pulse)
Emax | (L=3.7mH: R :: 0Q; Vgt = 13.5V; Tjgare = 150°C; 32 mJ
lout ="un.(1yP.))
Eloctiostatic Discharge (Human Body Model: R = 1.5KQ;
C = 100pF) y
- - INPUT 4000 v
i ESD|. CURRENT SENSE 2000 v
| - OUTPUT 5000 v
-Vee 5000
Vesp | Charge device model (CDM-AEC-Q100-011) 750 \Y
T; Junction operating temperature -40 to 150 °C
Tsig | Storage temperature -55to 150 °C
Doc ID 13228 Rev 6 7/34




Absolute maximum ratings VN5770AK-E

Table 4. Low-side switch
Symbol Parameter Value Unit
Vpsn | Drain-source voltage (V iy, = 0V) Internally clamped \
ViNn Input voltage Internally clamped \
liNn Input current +/-20 mA
RN MiINn | Minimum input series impedance 220 Q
Ibn Drain current Internally limited A
Ign Reverse DC output current -12 A
Vesp1 | Electrostatic discharge (R = 1.5KQ, C = 100pF) 4000 \Y
Veson ;Elrl{e:t;%%tgt’lcé d;sizgg:;g';g on output pins only 16500 : /
Pot | Total dissipation at T, = 25°C A T w
T Operating junction temperature Internaly _;n;ted °C
Te Case operating temperature jnl_cnially limited °C
Tstg Storage temperature | -55to 150 °C

J
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Electrical characteristics

3

3.1

q)

Electrical characteristics

Electrical characteristics for dual high-side switch

Values specified in this section are for 8V < Vgc < 36V; -40°C < T; < 150°C, unless
otherwise specified (for each channel).

Table 5. Power section
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Operating suppl
Vo Voﬁ’tage g supply 45| 13 | 36 A v
Vusp | Undervoltage shutdown 3.5 45 |V
Undervoltage shutdown |
Vuspnyst hysteresis 0.5 v
lout = 3A; Tj=25°C 160 mQ
Ron | On state resistance lout=3A; Tj=150°C 320 mQ
lout=3A; Ve =5V; Tj: 25°C 210 mQ
Velamp | Clamp voltage Is=20 mA 41 46 52 Vv

Is Supply current

Off State; Vo~ 10V; T = 25°C;
ViN="e = Vsense =0V

o(1) 5(1) A

On Sl:‘h:, VCC = 13V, V|N = 5V,

lout = 0A 3 6 mA
V|N = VOUT = OV, VCC = 13V,
A 0 3 pA

| Off state outy ut Tj=25°C

L(off 2
0 current® Vin=Vour=0V; Ve = 13V; 0 5 A

Tj=125°C "
Cutput - Vo diode AT o
F voltage® -loyt = 3A; Tj=150°C 0.7 Vv
1. TowerMOS leakage included
2. For each channel
Table 6. Switching (Vgc=13V)

Symbol Parameter Test conditions Min. Typ. Max. | Unit
ta(on) Turn-on delay time R =4.3Q (see Figure 3) | — 15 — us
ta(off) Turn-off delay time R_=4.3Q (see Figure 3) | — 10 — us

(dVout/di)on | Turn-on voltage slope | R = 4.3Q — | See Figure 15| — | V/us
(dVoyuTt/dt)oft | Turn-off voltage slope | R = 4.3Q2 — | See Figure 17| — | V/us
Switching energy _ ) . .
Won losses during twon R =4.3Q (see Figure 3) 0.16 mJ
Switching energy _ . o .
Worr losses during twof R = 4.3Q (see Figure 3) 0.08 mJ
Doc ID 13228 Rev 6 9/34




Electrical characteristics VN5770AK-E

Table 7. Logic input

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vi Input low level voltage 09 |V
I Low level input current Vin=0.9V 1 pA
Viy Input high level voltage 2.1 \
IH High level input current Vin=2.1V 10 |pA
Vigysyy | Input hysteresis voltage 0.25 \
||N =1mA 5.5 7 \
VicL Input clamp voltage
||N =-1mA -0.7 \'%
Table 8.  Protection and diagnostics(!)
-

Symbol Parameter Test conditions Min. Tyo. Max. | Unit
. DC Short circuit Voo =13V B8] 8s 12 A
"mH- | current 5V<V <36V 12 | A

Short circuit current .
limL during thermal cycling Vog = 13V; Ta<Tj<Trs. 3.5 A
Trsp | Shutdown temperature 150 175 200 °C
TR Reset temperature Trs+1|Trs+5 °C
Thermal reset of °
TRs | sTATUS 135 C
Thermal hysteresis o
ThysT (Trsp-Tr) ! c

Voema | g e CHHEVONRG® |y 1A Viy= 0 L= 20mH | Voo | Vo6 | Vee52 | V

y Output voltage drop EIQET-ZO%CO?;Q;1 50°C 5 mv
ON | limitation ===
: (see Figure 4)

To ensure long term reliability under heavy overload or short circuit conditions, protection and related
diagnostic signals must be used together with a proper software strategy. If the device is subjected to
abnormal conditions, this software must limit the duration and number of activation cycles

J
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4

Table 9. Current sense (8V<Vc<16V)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
|OUT =0.08 A, VSENSE =05 V,
K lout/! 1266 | 1900 | 3100
IOUT =0.35A; VSENSE =0.5V;
Ky lout/IsENsE T;=-40°C to 150°C 840 | 1360 | 2000
T;=25°C to 150°C 980 | 1360 | 1740
lout = 3A; Veense = 4V;
Ko lout/IsENSE T.= -40°C to 150°C 1200 | 1270 | 1350
lout = 4A; Veense = 4V;
Ks lout/IsENSE T, = -40°C to 150°C 1200 | 1270 | 135C
lout = 0A; Vgense = 0V; 0 ’ uA
| . Vin = OV; T = -40°C to 150°C |
SENSEO nalog sense current “+—-
lout = 0A; Veense = 0V, 0 | 2 | uA
V|N = 5V, TJ =-40°C to 150°C
Max analog sense output
Vsense voltage 9 U |lour = 5A; Reens = 3.9KC 5 v
Analog sense output \~
VsenseH | voltage in overtemperature | Voo = 13V; Rloe o = 3.9KQ 9 \Y%
condition
Analog sense output
Isensen | current inovertemperature | /~- = 13V 8 mA
condition
¢ Delay respon:s time .rom IVSENSEfg\éL/O;SIAdO”FSA; 20 | 300 s
DSENSE2H rising edge o1 i 'PUT pin SENSE‘_ ° SENSE max H
(see Figure 5)
¢ Cewny rasponse time from IVSENSEfj\éL/O'O?’fSIAd"”FSA; 100 | 250 s
DSENST2L fari: g edge of INPUT pin SENSE'_ ° SENSE max H
| (see Figure 5)
Figure 3.  Switching time waveforms
] VOUTn
=\ 90%
80%
dVout/dt(on) dVout/dtor
10%
\ .t
ViNn ta(on) ta(ofy
-t
GAPGCFT00545
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Figure 4. Output voltage drop limitation
AVCC-VOUt
Ti=150°C  Tj_o50C
lout
Von/Ron(T) B lou
GAPGCFT00546
Table 10.  Truth table X\
Conditions Input Output Se.nse
Normal operation L L 0
P H H Nominal
Overtemperature L ( 0
H ~\ VsENSEH
L L 0
Und It
naervoltage H L 0
L L 0
Short circuit to GND
Ircul H L 0
L H 0
hort circuit to V
Shortcireuitto Veg H H < Nominal
Negative output val*ag'-)j» L L 0
clamp
Figure ». Current sense delay characteristics

LOAD CURRENT

SENSE CURRENT

—

losense

GAPGCFT000117
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Electrical characteristics curves for dual high-side switch

Figure 6. Off-state output current Figure 7.  High level input current
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Figure 8. Input clamp voltage Figure 9. Input low level
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LFigure 10. Input high level

Figure 11.

Input hysteresis voltage
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Doc ID 13228 Rev 6 13/34




Electrical characteristics

VN5770AK-E

14/34

Figure 12. On-state resistance vs T.,se Figure 13. On-state resistance vs V¢
Ron (mOhm) Ron (mOhm)
300 ‘ 400 ‘ ‘
lout=3A %0
out =,
e Vee=13V 300 lout=3A
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200
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100 100 C=-40
50
50 0 —_
-50 -25 0 25 50 75 100 125 150 175 0 5 10 15 20 25 36 3 40
Te (°C) GAPGCFT00553 Vee (V) CAPGCFT00554

Figure 14.

Undervoltage shutdown
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Figure 15. Turn-cr voilage slope
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ILimH VS Tease

Figure 17. Turn-off voltage slope
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Electrical characteristics for low-side switches

Values specified in this section are for -40°C < T; < 150°C, unless otherwise specified

Table 11.  Off
Symbol Parameter Test conditions Min | Typ | Max | Unit
VcLamp | Drain-source clamp voltage | Vin=0V; Ip = 1.5A 40 45 55 \
Drain-source clamp e
Ve | threshold voltage Vin=0V; Ip = 2mA 36 v
ViNTH | Input threshold voltage Vps=Vn; Ip=1mA 0.5 25 V
lss siLrJ]ppIy current from input Vps=0V; Vjy = 5V 100 | 150 | uA
Iy = TmA 6 |68 2 | V
VincL | Input-source clamp voltage -—
||N=-1mA -1.0 -0.3 \
. . o _r 3
| Zero input voltage drain Vps = 13V; Viy=0V; Tj=25°C 30 HA
b 28
SS | current (Vin=0V) Vps = 25V; Vjy = OV | 75 A
Table 12. On
Symbol Parameter Test r.ondi*,ons Min | Typ | Max | Unit
R Static drain-source on | ViN=V; I - 3A; Tj=25°C — — 120 | mQ
b 5 _
SO | resistance Vin=5V; Ip = 3A — | = [ 240 | ma
Table 13.  Dynamic {1 = 25°C, unless otherwise specified)
Symbol Eaan.eter Test conditions Min | Typ | Max | Unit
Fcrwird o . .
%% | tiansconductance Vop=13V;Ip=1.5A 25 S
. Cuss | Output capacitance Vps = 13V; f= 1MHz; V| = 0V — 150 — pF
Table 14.  Switching (T; = 25°C, unless otherwise specified)
Symbol Parameter Test conditions Min | Typ | Max | Unit
tgon) | Turn-on delay time — 200 | 400 ns
t, Rise time Vpp = 15V; Ip = 8A; Vgen = 5V; — 1.2 2.5 us
taof | Turn-off delay time Rgen = RiN minn = 220Q — 600 | 1350 | ns
t Fall time — 400 | 1000 | ns
tgon) | Turn-on delay time — | 080 | 25 us
t, Rise time Vpp = 15V; Ip = 3A; Vgen = 5V; — 3.7 7.5 us
tyomy | Turn-off delay time Rgen = 2.2KQ — | 26 | 75 | us
t Fall time — 23 7.0 us
Doc ID 13228 Rev 6 15/34
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Table 14.  Switching (T;= 25°C, unless otherwise specified) (continued)
Symbol Parameter Test conditions Min | Typ | Max | Unit
Vpp = 15V; Ip=3A; Vg4en =5V,
di/dt),, | Turn-on current slope | PP ''D ' gen ’ — | 30 Alus
(d/eton P Rgen = RiN MiNn = 22002 "
' . VDD = 12V, lD = 3A, V|N =5V, o
Q; Total input charge lgen = 2.13mA 9.0 nC
Table 15. Source drain diode
Symbol Parameter Test conditions Min | Typ | Max | Unit
Vgp'" | Forward on voltage Isp=1.5A; V=0V — | 08 | — L %
ty Reverse recovery time — 400 —>) s
Isp=1.5A; dl/dt=12A/ms; . \
Qy Reverse recovery charge Viop=30V: L=200yH _2{) | nC
Irrm | Reverse recovery current — (\\%® W — A
1. Pulsed: pulse duration = 300us, duty cycle 1.5%
Table 16.  Protection and diagnostics (-40°C < T_; < 19C°C, unless otherwise
specified)
Symbol Parameter Te st voriditions Min | Typ | Max | Unit
lim Drain current limit V =5/ Vpg=13V 6 8.5 12 A
tqim | Step response current limit | V|y = 5V; Vpg=13V 10 us
Overtemperature o
Tish shutdown 150 | 175 | 200 | °C
Tirs | Overterperaoture reset 135 °C
Igf Fa_u't_g"lk current V|N =5V; VDS =13V; T] = TjSh 10 15 20 mA
I Starting Tj= 25°C; Vpp = 24V,
Eae Zl:(ﬁle pulse avalanche Vin=5V; Rgen = Rinwinm = 2200 | 100 mJ
i oy L =24mH
Doc ID 13228 Rev 6 1S7]
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3.4 Electrical characteristics for low-side switches
Figure 18. Static drain source on Figure 19. Derating curve
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Figure 20. Transconductance Figure 21. Traasfer characteristics
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Figure 22. Input voltage vs input charge Figure 23. Capacitance variations
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VN5770AK-E
Figure 24. Output characteristics Figure 25. Step response current limit
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Figure 26. Source-drain diode forward Figure 27. Static drain-source on
characteristics resistanze v, Ip
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Figure 28. Static drain-source on Figure 29. Static drain-source on
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Electrical characteristics

q)

Figure 30. Normalized input threshold  Figure 31.

Normalized on resistance vs

Voltage vs temperature temperature
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2 1.8
1.8 ‘
16 16— lout=3A
. Vee=13V
14 Vds=Vin
Id=1mA 1.4
1.2
P — — 12
I
08 E———
;
0.6
0.4
0.8 =
0.2 1
o 0.6 _J__J
-50 -25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 10C 125 158 175
Te (°C) GAPGCFT00571 Te (°C GAPGCFT00572
Figure 32. Current limit vs junction >
temperature
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Application information

Figure 33. Typical application schematic
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Mostly motor bridge drivers 1's2 a reverse battery protection diode (D) inside supply rail.
This diode prevents a reverse current flow back to Vbatt in case the bridge gets disabled via
the logic inputs vetile miotor inductance still carries energy. In order to prevent a hazardous
overvoltage ~t circuit supply terminal (Vcc), a blocking capacitor (C) is needed to limit the
voltage cvorshuot. As basic orientation, 50uF per 1A load current in recommended. In
alterna’ve, also a Zener protection (Z) is suitable. Even if a reverse polarity diode is not
nr2cant, it is recommended to use a capacitor or zener at Vcc because a similar problem
apnears in case supply terminal of the module has intermittent electrical contact to the
oattery or gets disconnected while motor is operating.

J
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Application information

Figure 34. Recommended motor operation
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Application information VN5770AK-E
Figure 35. Waveforms
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4.1

Note:

q)

Maximum demagnetization energy (V¢c = 13.5V)

Figure 36. Maximum turn off current versus load inductance
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Values are generated with R; =00

In case of repetitive pulses, Tis;4t (at the beginning of each demagnetization) of every pulse
must not exceed the temperature specified above for curves B and C.
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VN5770AK-E

5 Package and thermal data

S0-28 thermal data

Figure 37. S0-28 PC board

5.1
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Layout condition of Rth and Zth measurements (PCB FR4 area= 58mm x 58mm, PCB thic'“ncss=2mm,
Cu thickness=35mm, Copper areas: from minimum pad layout to 16cm2).

S

1§

Figure 38. Chipset configuration W
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Figure 39. Auw and mutual Rthj-amb vs PCB copper area in open box free air
condition(®
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Table 17.

Thermal calculations in clockwise and anti-clockwise operation in

steady-state mode

HS; | HSy | LS3 | LS, Tins12 TiLs3 TiLsa
ON | oFf | oFr | on |Pdnst X Rinks + Paisax | Panst X RinmsLs + Pars1 X RinHsts +
RirsLs + Tamb PaLsa x RinLsLs + Tamb | PaLsa X RinLs + Tamb
ofFf | oN | oN | off |PaHs2XRints + Parsa x | Pars2 X Rinksts + Pansz X RinHsts +
RihHsLs + Tamb PaLsa X RinLs + Tamb | PaLsa X Rinists + Tamb
Table 18. Thermal resistances definitions(!)

RinHs = RinHs1 = RinHs2

High-side chip thermal resistance junction to ambient
(HS4 or HS, in ON state)

RinLs = RinLsz = RinLsa

Low-side chip thermal resistance junction ‘o0 amkient

RinHsLs = RinHs1Ls4 = RinHsoLss

Mutual thermal resistance junction *o amcient_between
high-side and low-side chips

RihLsLs =

RinLssLs4

Mutual thermal resistancz jor.chicii to ambient between
low-side chips

1. values dependent on PCB heatsink area

Table 19.

Single pulse thermal impedance d<finitions(!)

ZihHs

Figr-vid 2 chip thermal impedance junction to ambient

ZinLs = Zins3 = ZihLS4

Low-side chip thermal impedance junction to ambient

ZinHsLS = ZthHS12L.S3 = 2t He 17184

Mutual thermal impedance junction to ambient
between high-side and low-side chips

ZinLsLS = ZthLS3L3w

Mutual thermal impedance junction to ambient
between low-side chips

1. valies lepenuent on PCB heatsink area

‘vac'z 20. Thermal calculations in transient mode(")

,?jHS12 Zinns X Panst2 + ZinnsLs X (PaLss + Paisa) + Tamb

TiLs3 ZinHsLs X Pansi2 + Zinis X PaLsa + Zinsts X Parsa + Tamb
TiLsa ZinHsLs X PaHs12 + ZinisLs X PaLss + Zinis X Parsa + Tamb

1. Calculation is valid in any dynamic operating condition. Pd values set by user.

a. See Figure 38. For more detailed information see Table 17 and Table 18.
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