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Datasheet

Octal high-side smart power solid-state relay with serial/parallel selectable
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interface on-chip

Features

. Voltage operating range 10.5V to 36 V

. UVLO with hysteresis

. Output current: 0.7 A or 1.0 A (IPS8200HQ or IPS8200HQ-1) per channel
. Low supply current in OFF (1 mA) and ON (5.3 mA) states

. 5V and 3.3 V compatible 1/Os

. Selectable interface on logic side SPI or parallel
. 5 MHz SPI (8 or 16-bits) with output enable, daisy chain, and MCU freeze
detection

. 100 mA DC/DC with integrated boot diode and adjustable output voltage
. 4x2 LED matrix for efficient outputs state LEDs driving

. Can drive all types of loads (resistive, capacitive, and inductive)
. Per-channel overload and short-circuit protection

. Per-channel/independent overtemperature protection

. Fast demagnetization of inductive loads (Vout clamp)

. Overvoltage protection (VCC clamping)

. Loss of GND protection

. Power Good (supply voltage level) diagnostic

. Common fault open drain output

. IC warning temperature detection

. VFQFPN-48L (8x6 mm) package
. Designed to meet IEC61131-2, IEC61000-4-2, IEC61000-4-4, and

IEC61000-4-5
Application
. Programmable logic control
. Industrial PC peripheral input/output
. Numerical control machines
Description

The IPS8200HQ and IPS8200HQ -1 are monolithic 8-channel drivers, designed
using STMicroelectronics™ VIPower™ technology, and intended to drive any kind of
load with one side connected to the ground. Both ICs operates from 10.5 V to 36 V
and feature a very low supply current, parallel or 4-wire SPI control interface, a 4x2
LED matrix, and a micropower step-down switching regulator with a peak current
control loop mode.

For further information, contact your local STMicroelectronics sales office.


https://www.st.com/en/product/IPS8200HQ?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14313
https://www.st.com/en/product/IPS8200HQ-1?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14313
https://www.st.com/en/product/IPS8200HQ?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14313
https://www.st.com/en/product/IPS8200HQ-1?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS14313
https://www.st.com/responsible-products
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The SPI interface (enabled by SEL2 pin = H) can work up to 5 MHz in 8-bits (SEL1 = L), or 16-bits (SEL1 = H)
with a parity check and extended diagnostic (DC/DC operation, case overtemperature, SPI Communication Fail,
and Power Good) information. In SPI mode the daisy chain is allowed, and both the OUT_EN signal and the MCU
freeze detection by watchdog are available. If enabled (WD_EN voltage above 25% of VREG), the watchdog
circuitry generates an internal reset on expiry of the internal watchdog timer. The watchdog timer reset can be
achieved by applying a negative pulse on the WD pin. The watchdog timer can be programmed by the set voltage
on the WD_EN pin.

The internal LED matrix driver circuitry (4 rows, 2 columns) allows the efficient driving of the 8 LEDs reporting the
on/off status of each of the 8 outputs. The VREG pin supplies both the logic output buffers and LED matrix. The
100 mA output current capability of the integrated step-down (featuring overload and short-circuit conditions) can
be used to supply both the VREG pin and other application components (for example: digital isolators or
optocouplers).

Active per-channel current limitations (0.7 A and 1.0 A for IPS8200HQ and IPS8200HQ-1, respectively),
combined with channel-independent thermal shutdown, protect the circuitry against overload and short circuits.
Built-in thermal shutdown protects each channel from overtemperature and overload: each overheated channel
automatically turns OFF after its junction temperature triggers the protection threshold (Ttsp). The channel turns
back ON if its junction temperature decreases lower than the restart threshold (Tr). An additional case
temperature sensor protects the whole chip against overtemperature: if the case temperature triggers the Tcsp
threshold then overloaded channels are turned OFF and restart only when the case temperature decreases to the
reset threshold (T¢r). Non-overloaded channels continue to operate normally.

Loss of GND protection guarantees automatic turn-off of the outputs in case of a ground wire break.

Dedicated diagnostic pins report the detection of: invalid voltage range on VCC rail (% pin),
caseovertemperature (TWARN pin), SPI fault, or junction overtemperature (FAULT pin).
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1 Block diagram
Figure 1. Block diagram
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Pin connection

2 Pin connection
Figure 2. Pin connection (top through view)
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Table 1. Pin description

Type
SPI mode Parallel mode
1to 8; 27 to 31; 35, 40 NC - Not connected.
9 SEL2 Logic input SEL2 =H. SEL2 = GND.

SEL1 =L or H selects the SPI 8-bits or 16-bits

10 SEL1/IN1 Logic input IN1 = L/H drives off/on the OUT1.

option.

1 WD_EN/IN2 Logic/analog input | WD-EN = H or L enables or disables the IN2 = L/H drives offfon the OUT2.
watchdog feature.

12 OUT_EN/IN3 Logicinput | OUT-EN=Lor Hforces off all OUTx or enables |\ s | 1 rives offion the OUTS.
the control by SPI.

13 WD/IN4 Logicinput VDS the watchdog input: the internal watchdog | |\ = |/ drives offfon the OUT4.
counter is cleared on the falling edges.

14 SDI/INS Logic input Connected to the MOSI port of the MCU. IN5 = L/H drives off/on the OUT5.

Serial clock/channel 6 input.
15 CLK/ING Logic input IN6 = L/H drives off/on the OUT6.
Connected to the SPI Clock port of the MCU.

== Connected to the GPIO port of the MCU

16 S /IN7 Logic input controlling the SPI chip select. IN7 = L/H drives off/on the OUT7.

17 SDO/IN8 Logic input/output | Connected to the MISO port of the MCU. IN8 = L/H drives off/on the OUTS8.
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18

19

20
21
22

23
24
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26

32
33
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36
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41
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45
46
47
48

TAB
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VREG

COLO

COL1

DCVDD

VREF

ROWO
ROWA1
ROW2

ROW3

PG

FAULT

TWARN

FB

GND
PHASE

BOOT

ouTs
ouT7
ouT6
OouTs
ouT4
OouT3
ouT2
ouT1
TAB

Power supply

Open source
output

Open source
output

Analog output
Analog output

Open drain output
Open drain output
Open drain output

Open drain output

Open drain output

Open drain output

Open drain output

Analog input

Power output
Power output

Power output
Power output
Power output
Power output
Power output
Power output
Power output
Power output

Power supply

Description

SPI mode Parallel mode

Supply of SPI, Inputs and LED Matrix.

LED matrix column driver (odd OUTY).

LED matrix column driver (even OUTY).

Internally generated DC/DC voltage (to be connected to an external 10 nF capacitor).

Internally generated DC/DC reference voltage (to be connected to an external 10 nF
capacitor).

LED matrix row driver (OUT4, OUTy).
LED matrix row driver (OUT3, OUTy).
LED matrix row driver (OUTs5, OUTg).
LED matrix row driver (OUT7, OUTg).

Connects to VREG by a pull-up resistor. The Power Good diagnostic pin is activated
(forced low) when the voltage on the VCC pin goes below Vpgn2.

Connects to VREG by a pull-up resistor. The Common Fault diagnostic pin is
activated (forced low) when a junction overtemperature event or SPlI communication
fault event (parity check error or module-8 violation) occurs.

Connects to VREG by a pull-up resistor. The Case Temperature diagnostic pin is
activated (forced low) when a case overtemperature event occurs.

Step-down feedback input. Connecting the FB pin to the DCVDD pin disables the
DC/DC. Connect FB to VREG to make the DC/DC supply 3.3 V. An external resistor
divider is required for higher output voltage.

Ground.
Embedded power switch source pin of the DC/DC step-down (buck) converter.

Bootstrap voltage of the DC/DC converter. It is used to provide a drive voltage, higher
than the supply voltage, to power the switch of the step-down regulator.

Channel 8 power output.
Channel 7 power output.
Channel 6 power output.
Channel 5 power output.
Channel 4 power output.
Channel 3 power output.
Channel 2 power output.
Channel 1 power output.

Exposed tab, internally connected to V¢ IC supply rail.
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3 Maximum ratings

Table 2. Absolute maximum ratings

Power supply voltage

-Vee Reverse supply voltage -0.3
VREG Logic supply voltage -0.3 to +6 \%
VFAULTV:;/GTWARN’ Voltage range on pins TWARN, FAULT, and PGOOD -0.3to +6 \%
VpHASE VpHask voltage Vee \Y
VBooT Bootstrap voltage VPHASE+E \Y
VrRow Voltage range on ROW pins -0.3 to +6 \Y
VeoL Voltage range on COL pins -0.3 to +6 \%
VIN Voltage level range on logic input pins -0.3 to +6 \%
lout Output current (continuous) Internally limited (1) A
IR Reverse output current (per channel) -5 A
lanD DC ground reverse current -250 mA
IREG VREeg input current -1to +10 mA
'FAULTI‘;;WARN’ Current range on pins TWARN , FAULT , and PGOOD 1 to +10 mA
IN Input current range -1to +10 mA
lsow Current range on ROW pins (ROW in ON-state) +20 mA
Current range on ROW pins (ROW in OFF-state) -1to +10 mA
o Current range on COL pins (COL in ON-state) -10 mA
Current range on COL pins (COL in OFF-state) -1to +10 mA
VEsp Electrostatic discharge (R = 1.5 kQ; C = 100 pF) 2000 \%
Eas S_ingle pulse avalanchefnergyo/ per chaimel, all channels driven 05 J
simultaneously @Tamp = 125 °C, loy1 = 0.5 A
ProT Power dissipation at T¢ = 25 °C Internally limited (") w
Ty Junction operating temperature Internally limited °C
Tste Storage temperature -55 to 150 °C

1. Protection functions are intended to avoid IC damage in fault conditions and are not intended for continuous operation.
Continuous and repetitive operation of protection functions may reduce the IC lifetime.

Table 3. Thermal data
e ———
Rthc) Thermal resistance junction-case (") °C/W
RthJa) Thermal resistance junction-ambient () Max. 25 °C/W

1. Ry, between the die and the bottom case surface measured by cold plate as per JESD51.
2. According to JESD51-7.
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Electrical characteristics

4 Electrical characteristics

4.1 Power section
10.5V < Ve <36V, -40 °C < T < 125 °C; unless otherwise specified.

Table 4. Power section

Vece Supply voltage 10.5
Veccrave | Clamp on Vee Current 20 mA 45 50 52 \Y
louT=05AatT;=25°C 0.11
Rpsn) | On-state resistance 0
louT=05AatT;=125°C 0.2
All channels in OFF-state, DC/DC =
OFF, Vrea=5 V, SP! inactive (! 0.65 ! 11 mA
All channels in ON-state, DC/DC = ON,
Is Ve supply current Vieo = 5V, SPI active 53 mA
All channels in ON-state, DC/DC =
OFF, Ve = 5 V, SPI active @ 35 52 mA
DC/DC = OFF, Vgeg = 5 V, SPI
inactive, WD_EN = 0 200 bA
Ips VReg supply current
DC/DC = OFF, Vgeg = 5 V, SPI active, 250 N
WD_EN = Vreg H
Output current at GND . -
ILeND disconnection All pins at 0 V except Voyt =24 V 05 mA
Vout(orr) | OFF-state output voltage VIN=0V,lout=0A 1 v
louT(orr) | OFF-state output current ViN=VouT=0V 0 2 A
fop Charge pump frequency Channel in ON-state () 1.45 MHz
1. SS signal high, no communication.
2. SS signal low, communication ON.
3. SS signal low, communication ON.
4. To cover EN55022 class A and class B normative.
4.2 SPI characteristics

10.5V <Vcc<36V; 2.7V <VReg<5V,-40 <T;<125 °C; unless otherwise specified.

Table 5. SPI characteristics

foLk SPI clock frequency
tH(CLK), SPI clock rise/fall time - 20 ns
#(CLK)
tsu(SS) SS setup time 120 - ns
th(SS) SS hold time 120 - ns
tw(CLK) CLK high time 80 - ns
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tsu(SDI) Data input setup time 100
th(SDI) Data input hold time 100 - ns
ta(SDO) Data output access time - 100 ns
t4is(SDO) Data output disable time - 200 ns
t,(SDO) Data output valid time - 100 ns
th(SDO) Data output hold time 0 - ns
Ispo =15 mA VRreg-0.8 -
Vspo Voltage on serial data output
Ispo = -4 mA - 0.8

Figure 3. Serial timing

T N
t..(5S)  ligk . H(CLK) ta(SS)
SCK A —',(CLK]
1,(SDO) t,(CLK) ‘—

t,(SDO) t.(SD0O) 14is(SDO)

SDO Hz MSB OUT X, X LSBOUT X Hz
t,,(SDI) || t,(SDI)
—H

SsDI MSB IM o A LSBIN A

GIPG030420151422LM

4.3 Switching
Vee =24 V; -40 °C < Ty < 125 °C.

Table 6. Switching

ta(on) Turn-on delay time
tr Rise time - 5 _ us
4(oFF) Tum-off delay time lout = 0.5 A, resistive load, input rise ) 10 - us
t Fall time time <0.1 ps. ] 5 ] us
dV/dtony | Turn-on voltage slope - 3 _ Viys
dV/dtorr) | Turn-off voltage slope - 4 - Vips
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Electrical characteristics

Figure 4. dVI/dt(ON) and dV/dt(OFF) time diagram test conditions
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Figure 5. tgion) and tg(orr) time diagram test conditions
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4.4 Logic inputs
10.5V < Ve <36V, -40 °C < Ty < 125 °C; unless otherwise specified.

Table 7. Logic inputs

Input low level voltage

ViH Input high level voltage 2.20
ViHvsT) | Input hysteresis voltage 0.15
N Input current ViN=5V 8 pA
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4.5 Protection and diagnostic
10.5V < Ve <36V;-40 °C < Ty < 125 °C; unless otherwise specified.

Table 8. Protection and diagnostic

Power Good diagnostic ON

VPaH threshold
Vphz Power Gc;zcrieilsglgostlc OFF 152 165 174 Vv
Power Good diagnostic
VPaHYs hysteresis 1 v
Undervoltage ON protection 9.5 10
Vusp v
Undervoltage OFF protection 8.4 9
VusbHYs Undervoltage hysteresis 0.4 05
Vdemag Output voltage at turn-OFF  loyt =0.5A; LLoap 2 1 mH Vcc-52 Vcce-50 Vcc-45 V
VTWARN TWARN picolﬁ;vg-:tate OUtPUt ITWARN =3mA (active condition) 0.6 vV
VEAULT FAULT pinvloolg-gsetate output IFauLT = 3 MA (active condition) 0.6 \Y
PG pi - Ipg = 3 mA (active condition); V, =
Ve PG pin low-state output PG ( ); VREG 0.7 v

voltage 3.3V;Vec=0

Maximum DC output

current before limitation 1.4

(IPS8200HQ)

IpEAK A
Maximum DC output

current before limitation 22
(IPS8200HQ-1)
Short-circuit current
limitation per channel 0.7 1.1 1.7
(IPS8200HQ)
ILIM RLOAD = 0; VCC =24 V; TJ =25°C A
Short-circuit current
limitation per channel 11 1.9 2.7
(IPS8200HQ-1)
Hyst I v tracking limits Rioap =0 0.3 A
ILFAULT FAULT leakage current
ITWARN TWARN leakage current | Vopen-drain pin = 9 V 2 pA
lpc PG leakage current
Junction shutdown
Trsp temperature 160 180
TR Junction reset temperature 160
ThysT Junction thermal hysteresis 20 c
Tcsp Case shutdown temperature 115 130 155
Tcr Case reset temperature 110
TcHysT Case thermal hysteresis 20
twp Watchdog hold time See Figure 12 50 ns
twm Watchdog time See Table 13 and Figure 12
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OUT_EN pin propagatlon

touT_EN delay (' Vee=24V; loyt= 72 mA
tRES OUT_EN hold time 50 ns
t +
two Watchdog timeout (?) WM ms
ta(orFF)

1. Time from reset active low and power out disable.
2. Time from ty, elapsed to power out disable.

4.6 Step-down switching regulator
10.5V < Ve <36V, -40 °C < Ty < 125 °C; unless otherwise specified.

Table 9. Step-down switching regulator

Ireg from 0 to 100 mA
VReg 3.3V, 3.1 3.3 3.5 \Y

Voltage on VREG pin supplied by the  S€e Figure 16

Yocout - embedded DC/DC Irec from 0 to 100 mA
VReg 5V, 5 \
see Figure 17
VEB Voltage feedback 3.1 3.3 3.5 \Y
Rps(on) MOSFET on-resistance 1.5 Q
Ty=25°C 0.55 0.9 A
Ipc-pe(PK) Inductor peak current
0.5 0.95 A
lqop Total operating quiescent current 0.6 mA
lgst-by Total standby quiescent current Regulator standby 15.8 MA
fs Switching frequency 400 kHz
Dmax Maximum duty cycle 80% -
tonmin Minimum on-time 150 ns
fsc Frequency in short-circuit condition 50 kHz
4.7 LED driving array

10.5V < Ve <36V, -40 °C < T < 125 °C; unless otherwise specified.

Table 10. LED driving array

VcoL Output source voltage on COL pins Output current 0 to 7 mA VReg-0.3 = VReg-0.2
Vrow  Open drain voltage on ROW pins Qutput current 0 to 15 mA 0.2 0.3 \%
fsw Row refresh frequency with duty=25% 780 Hz
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5 Reverse polarity protection

Reverse polarity protection can be implemented on the board using two different solutions:
1. Placing a resistor (Rgnp) between the IC GND pin and load GND
2. Placing a diode between the IC GND pin and load GND

If option 1 is selected, the minimum resistance value has to be selected according to the following equation:
Renp 2 Vee/ lenp

where Ignp is the DC reverse ground pin current and can be found in Section 3 of this datasheet.
Power dissipated by Rgnp (Wwhen Ve < 0: during reverse polarity situations) is:

Pb = (Vce)? / Renp

If option 2 is selected, the diode has to be chosen by taking into account VRRM > [V¢| and its power dissipation
capability:

Pp = Is*VF

Note: In normal conditions (no reverse polarity), due to the diode, there is a voltage drop between GND of the device
and GND of the system.

Figure 6. Reverse polarity protection

+Vce
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Status, C
GND

Output;

]

] Load

RGND
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This schematic can be used with any type of load.
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Demagnetization energy

6 Demagnetization energy

Figure 7. Typical single pulse demagnetization: Eqrg vs lout (Vcc =24 V, Tams = 125 °C)
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Figure 8. Typical single pulse demagnetization: L gap Vs louTt (Vcc =24V, Tams = 125 °C)
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7 Truth table

Table 11. Truth table

Input/
Condition Driving e s!:atus
. bit
bit
High On Reset High High High
Normal operation
Low Off Reset High High High
High Off Set Low X X
Junction overtemperature
Low Off Set(") High X X
High Off Set(") X Low X
Case overtemperature
Low Off Set(!) X Low (1) X
High Off Reset X X X
Undervoltage
Low Off Reset X X X
High On High High Low
Power Good Set @)
Low Off High High Low
SPI communication fault High Set Low High High
X 3)
(parity check or module-8 violation) | Low Set Low High High

1. This signal becomes high after the temperature falls below the reset threshold.
2. If the fault expires, the reset condition occurs after SPI communication, otherwise it is set again.
3. When the SPI communication fails, the output is frozen at the last valid state.
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Pin function description

8 Pin function description

8.1 SPl/parallel selection mode (SEL2)

This pin allows the selection of the IC interfacing mode. The SPI interface is selected if SEL2 = H, while the
parallel interface is selected if SEL2 = L, according to:

Table 12. Pin function description

SEL2 = H(1 SEL2=L
SPI operation parallel operation

SDO/IN8 Serial data output Input to channel 8
SS/IN7 SS SPI Server select IN7 Input to channel 7
CLK/IN6 CLK Serial clock IN6 Input to channel 6
SDI/IN5 SDI Serial data input IN5 Input to channel 5
WD/IN4 WD Watchdog input IN4 Input to channel 4
OUT_EN/IN3 OUT_EN OUTx enable/disable IN3 Input to channel 3
Watchdog enable/
WD_EN/IN2 WD_EN disable and timing IN2 Input to channel 2
preset
SEL1/IN1 SEL1 8 16'bitr§(':c" Ze'eCtiO“ IN1 Input to channel 1

1. SELZ2 has an internal weak pull-down.

8.2 Serial data in (SDI)

If SEL2 = H, this pin is the input of the serial control frame. The SDI is read on CLK rising edges and, therefore,
the microcontroller must change the SDI state during the CLK falling edges. After the SS falling edge, the SDI is
equal to the most significant bit of the control frame (Figure 9).

8.3 Serial data out (SDO)

If SEL2 = H, this pin is the output of the serial fault frame. The SDO is updated on CLK falling edges and,
therefore, the microcontroller must read the SDO state during the CLK rising edges.

The SDO pin is tri-stated when the ﬁsignal is high and it is equal to the most significant bit of the fault frame
after the SS falling edge (Figure 9).

8.4 Serial data clock (CLK)

If SEL2 = H, the CLK line is the input clock for serial data sampling. On the CLK rising edge the SDI input is
sampled by the IC, and the SDO output is sampled by the host microcontroller. On the CLK falling edge, both the
SDI and SDO lines are updated to the next bit of the frame, from the most to the least significant one (Figure 9).
When the SS signal is high, by means the SPI of the IC is not active, the microcontroller should drive the CLK low
(the settings for the MCU SPI port are CPHA = 0 and CPOL = 0).

8.5 SPI server select (SS)

If SEL2 = H, the (@) signal is used to enable the IC serial communication shift register; data is flushed-in through
the SDI pin and flushed-out from the SDO pin only when the SS pin is low. On the SS pin falling edge the shift
register (containing the fault conditions) is frozen, so any change on the power switch status is latched until the
next SS falling edge event and the SDO output is enabled. On the SS pin rising edge event the 8/16-bits present
on the SPI shift register are evaluated and the outputs are driven according to this frame. If more than 8/16-bits
(depending on the SPI settings) are flushed inside only the last 8/16 are evaluated; the others are flushed out
from the SDO pin after fault condition bits. In this way, proper communication is also possible in a daisy chain
configuration.
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Figure 9. SPI mode diagram

CPHA=0

ss | /

Capture
strobe

GIPG030420151131LM

8.6 8/16-bit selection (SEL1)

If SEL2 = H, SEL1 is used to select between two possible SPI configurations: the 8-bit SPI mode (SEL1 =L) and
the 16-bit SPI mode (SEL1 = H). The 8/16-bit SPI operation is described below.

8.7 Output enable (OUT_EN)
If SEL2 = H, the OUT_EN pin provides a fast way to disable all the outputs simultaneously. When the OUT_EN
pin is driven low for at least Tres, the outputs are disabled while fault conditions in the SPI register are latched. To
enable the outputs, the OUT_EN pin should be raised and the IC should be reprogrammed through the SPI
interface. As fault conditions are latched inside the IC, the SPI interface also works while the OUT_EN pin is
driven low. The SPI can be used to detect if a fault condition occurred before the reset event.
The device is ready to operate normally after a Tgy period. The OUT_EN pin is the fastest way to disable all
outputs when a fault occurs.

Figure 10. Output channel enable/disable behavior

OUT_EN

Vin(i)

OUT(i)

GIPG030420151208LM
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8.8 IC warning case temperature detection (TWARN)
The TWARN pin is an active low open drain output. This pin is active if the IC case temperature exceeds Tcgp.
According to the PCB thermal design and Ry, ¢ value, this function warns about a PCB overheating condition.

The TWARN bit is also available through SPI. This bit is not latched: the TWARN pin is low only while the case
overtemperature condition is active (T¢ > Tcgp) and is released when this condition is removed (T¢ < Tgr)-

8.9 Fault indication (FAULT)

The FAULT pin is an open drain active low fault indication pin. One or more of the following conditions activates
this pin:

. Channel overtemperature (OVT)

This pin is activated when at least one of the channels is in junction overtemperature.

Unlike the SPI fault detection bits, this signal is not latched: the FAULT pin is low only when the fault condition is
active and is released if the input driving signal is OFF or after the OVT protection condition has been removed.
This last event occurs if the channel temperature decreases below the threshold level and the case temperature
has not exceeded T¢gp or is below Tcr. This means that the FAULT pin is low only while the junction
overtemperature is active (T > Ttgp) and is released after this condition has been removed (T; < Tr and T¢ <

Tcr)-
. Parity check fail

When SPI mode is used (SEL2 = H), if a parity check fault of the incoming SPI frame is detected or counted, CLK
rising edges are different by a multiple of 8, the FAULT pin is kept low. When counted CLK rising edges are a
multiple of 8 and the parity check is valid, the FAULT pin is kept high.

8.10 Power Good (PG)

The PG terminal is an open drain, which indicates the status of the supply voltage. When the V¢ supply voltage
reaches the Vg, 1 threshold, PG goes into a high impedance state. It goes into a low impedance state when the
V¢ falls below the Vgiho threshold.

In 16-bit SPI mode, a PG bit is also available. This bit is set high when the Power Good diagnostic is active;
otherwise, it is cleared.

Figure 11. Power Good diagnostic

>
VPGH2 VPGH1 Vce
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8.11 Programmable watchdog counter reset (WD)

If SEL2 = H, and the WD_EN = H, then the embedded watchdog counter is enabled. An H-L transition on the WD
pin resets the watchdog counter.

If the counter elapses before the H-L transition on the WD pin, then the IC enters into an internal reset state
where all the outputs are disabled. To restart normal operation a negative pulse must be applied to the WD pin.

The WD_EN pin should be connected through an external divider to Vrgg.

The watchdog time is fixed in the following table:
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Table 13. Programmable watchdog time

0.25 VReG > Vwp_EN Disable
0.25 Ve < Vivp_en < 0.5 Vreg 40 + 25% ms
0.25 VReG = Vwp_en < 0.75 VReG 80 + 25% ms
0.75 VReG < Vwp_EN = VREG 160 + 25% ms

Figure 12. Watchdog reset
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9 SPI operation (SEL2 = H)
Figure 13. SPI directional logic convention
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9.1 8-bit SPI mode (SEL1 = L)

If SEL2 = H, the 8-bit SPI mode is based on an 8-bit command frame sent from the microcontroller to the IC. Each
bit directly drives the corresponding output where LSB drives output 0 and MSB drives output 7. Each bit, set to
‘1", activates (closes) the corresponding output.

At the same time, the IC transfers the channel fault conditions (OVT) to the microcontroller. These fault conditions
are latched at the occurrence and cleared after each communication (each time the SS signal has a positive
transition). Each bit, set to ‘1’, indicates an OVT condition for the corresponding channel.

Table 14. Command 8-bit frame (from MCU to IC)

= ]
IN7 IN6 INS IN4 IN3 IN2 IN1 INO

Table 15. Fault 8-bit frame (from IC to MCU)

e = ]
F7 F6 F5 F4 F3 F2 F1 FO

9.2 16-bit SPI mode (SEL1 = H)

The 16-bit SPI mode is based on a 16-bit command frame sent from the microcontroller to the IC. The first 8 bits
directly drive the output channels (each bit, set to ‘1’, activates the corresponding output), the other 8 bits contain
a 4-bit parity check code where the last bit (the inversion of the previous one) is used to detect a communication
error condition (providing at least a transition in each frame):

PO =INO @ IN1 @ IN2 @ IN3 @ IN4 @ IN5 @ IN6 @ IN7
P1=1IN1@® IN3 @ IN5 @ IN7

P2 =1INO @ IN2 @ IN4 & IN6

nPO = not PO

where @ is the XOR operator symbol.

Table 16. Command 16-bit frame (from MCU to IC)
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At the same time, the IC transfers to the microcontroller a 16-bit fault frame where the first 8 bits indicate a
channel fault (OVT) condition (each bit, set to ‘1’, indicates an OVT event), the following 4 bits provide general
fault condition information. FB_OK: this bit is related to the DC/DC regulation: at the DC/DC turn-on, this bit is low
and becomes high after FB rises above 90% of the nominal Vg voltage and a correct SPI communication
occurrs. If the FB voltage falls below 80% of the nominal Vg voltage, this bit is zero; TWARN (IC warning case

temperature), PC (parity check fail, the bit, set to ‘1’, indicates a PC fail or the length is not a multiple of 8), and
PG (Power Good, see Section 8.10). The last 4 bits are used as parity check bits and communication error
conditions (see command 16-bit frame):

PO=FODF1PF2PF3®DF4DHF50 F6 D F7
P1=PCOFB OK@® F1 D F3®F56F7
P2=PG @ TWARN @& FO @ F2 @ F4 & F6

nPO = not PO

where @ is the XOR operator symbol.

Table 17. Fault 16-bit frame (from IC to MCU)

s [

F7 F6 F5 F4 F3 F2 F1 FO FB_OK TWARN PC PG P2 P1 PO nPO
Channel indications are latched and cleared only after a communication.

9.3 Daisy chaining

The IPS8200HQ/HQ-1 can be daisy chained by connecting the MOSI port of the micro-controller to the SDI pin of
the first IC of the chain; the SDO pin of the first IC of the chain to the SDI pin of the second (and similarly for the
next ICs of the chain); and the SDO pin of the last IC of the chain to the MISO port of the micro-controller. See an
example in Figure 14

Figure 14. Example of daisy chaining connection

VDD

SDI SDO

SS CLK

DS14313 - Rev 3 page 20/37



‘_ IPS8200HQ, IPS8200HQ-1
,’ LED driving array

10 LED driving array

The LED driving array carries out the status of the output channels (ON or OFF).

Figure 15. LED driving array
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ROWS3 ¢

- GIPG030420151307LM
The following equation is an indication of how to choose the Rgy resistor value:
Rext™ (VcoLmin) - (VRowmax) - VF(LED)/ IF(LED)

where IrLep) < 7 MA and (VcoLmin) @nd (VRowmax) can be found in Table 10; Vg(ep) and I gpy depend on the
electrical characteristics of the LEDs.
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Step-down switching regulator

The IC embeds a high efficiency 100 mA micropower step-down switching regulator. The regulator is protected
against short-circuits or overload conditions. Pulse-by-pulse current limit regulation is obtained in normal
operation through a current loop control.

A low ESR output capacitor connected to the Vrgg pin helps to limit the regulated voltage ripple; a low ESR (less
than 10 mQ) capacitor is preferable. The control loop pin FB allows 3.3 V to be regulated, connecting it directly to
VREeG, or 5 V connecting it through a voltage divider. The DC/DC converter can be turned off by connecting the

feedback pin to the DCVDD pin.

In some applications it is possible to switch off the embedded DC/DC and supply the Vrgg by 5V or 3.3V
externally. Also, in the case of two or more ICs inside the same board, the user can activate the DC/DC converter
on only one IC, and also supply the Vreg pins of the other ICs.

If the DC/DC converter is adjusted to provide 3.3 V regulation and the Vp¢ oyt is used to power an external load
and not the device, a 33 kQ resistor has to be connected on the Vrgg pin._

Figure 16. Typical circuit for switching regulation Vpg.out = 3.3 V

COL,COLROW, ~ ROW; GND 7,
10kQ 147kQ
—\NA ¢
|M.
PHASE
] Y YN
Veee LED MATRIX 100uH
Close = -
DC-DC disabled BOOT
Qutput Voltage 1 I
Control | | I_‘ T
22nF = 1A
Vrpw = 60V ATyF
T T

Figure 17. Typical circuit for switching regulation Vpc.out =5V

COLCOLROW, ~ ROW, GND __ /.
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The embedded step-down can be disabled for the application where it is not required.
In such cases, the recommended configuration is reported in the figure below:

Figure 18. Typical circuit for embedded step-down regulator disabled
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12 Thermal management

The power dissipation in the IC is the main factor that sets the safe operating condition of the device in the
application. Therefore, it must be very carefully considered. Furthermore, the available space on the PCB should
be chosen considering the power dissipation. Heat sinking can be achieved using copper on the PCB with proper
area and thickness. Two different protections have been implemented to guarantee the safety of the device if it
overheats due to an overloaded condition or high ambient temperature. The following flowchart explains the
functionality of these protections in detail.

Figure 19. Thermal behavior

@) >Tr

3 GIPG030420151405LM

Note: 1 Thermal shutdown
2 Junction hysteresis
3 Restore to idle condition
4 Case hysteresis
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13 Package information

In order to meet environmental requirements, STMicroelectronics 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 STMicroelectronics trademark.

13.1 VFQFPN-48L 8x6 mm, package information
Figure 20. VFQFPN-48L 8x6 mm, mechanical drawings
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D B E - Y3 -]
«‘ =N K e L ‘Iix
PINT_NDEX N EJJUUOUUUUUUOUU”’iW T W
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[BTmale : H 0000000000000 i§
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SIDE I// -:c:IE ; ;
VIEW [ LD—D—E—D—D—D—D—D—D—D—D—D—D—D:L JEATING PLARE
N ] Ty
[ ]eee|(]

Table 18. VFQFPN-48L 8x6 mm, mechanical data

Value [mm]
o _ Mn | Nom |
A

0.80 0.90 1.00 12

A1 0.00 - 0.05 9,12
A3 0.20 REF

b 0.15 0.25 0.35 5,6,7,12,13
b2 0.24 0.34 0.44

D 8.00 BSC 4,12
e 0.50 BSC

E 6.00 BSC 4,12
D2 6.5 6.60 6.70

E2 4.50 4.60 4.70

L 0.30 0.40 0.50 12,13
L2 0.24 0.34 0.44

k 0.20 12,13
N 48 8
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Table 19. TOLERANCE OF FORM AND POSITION (see notes 1, 12)

aaa

bbb

ccc

ddd

eee
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The bilateral profile tolerance
that controls the position of
the plastic body sides. The
centers of the profile zones
are defined by the basic
dimensions D and E.

The tolerance that controls
the position of the entire
terminal pattern with respect
to Datum’s A and B. The
center of the tolerance zone
for each terminal is defined by

the basic dimension “e” as
related to Datum’s A and B.

The tolerance located parallel
to the seating plane in which
the top surface of the
package must be located.

The tolerance that controls
the position of the terminals to
each other. The centers of the
profile zones are defined by
the basic dimension “e.”

The unilateral tolerance
located above the seating
plane where the bottom
surface of all terminals must
be located.

The tolerance that controls
the position of the exposed
metal heat feature. The
center of the tolerance zone
is defined by the Datum’s
center lines of the package
body.

0.10

0.10

0.10

0.05

0.08

0.10

This tolerance is normally
compounded with a tolerance
zone defined by bbb.

This tolerance is commonly
known as the “co-planarity” of
the package terminals.
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Notes:

1. Dimensioning and tolerance schemes conform to ASME Y14.5M-1994.

2. All dimensions are in millimeters.

3. Terminal A1 identifier and terminal numbering conventions shall conform to JEP95 SPP-002. Terminal A1
identifier must be located within the zone indicated on the outline drawing. The top side terminal A1 indicator may
be a molded or metallic feature. Optional indicators on the bottom surface may be molded, marked, or metallic
features.

4. Outlines with “D” and “E” in increments of less than 0.5 mm should be registered as “standalone” outlines.
These outlines should use as many of the algorithms and dimensions stated in the design standard as possible to
ensure predictability in manufacturing.

5. Dimension ‘b’ applies to the metallic terminal and measures between 0.15 mm and 0.30 mm from the terminal
tip. If the terminal has the optional radius on the other end of the terminal, the dimension ‘b’ should not be
measured in that radius area.

6. The inner edge of corner terminals may be chamfered or rounded in order to achieve a minimum gap “k.” This
feature should not affect the terminal width “b,” which is measured L/2 from the edge of the package body.

7. The exact shape of the leads at the edge of the package is optional.

8. “N” is the maximum number of terminal positions for the specified body size. Depopulation is allowed, but only
under the following conditions:

. The depopulation scheme must be consistent in each quadrant of the package.

. Non-symmetric variations should be broken out as separate mechanical outline variations, including
depopulation graphics.

9. A1 is defined as the distance from the seating plane to the lowest point on the package body (standoff).

10. Dimensions D2 and E2 refer to the exposed pad. For the exposed pad dimensions see the Variations Table.
11. For Tolerance of Form and Position see related table.

12. Critical dimensions:

. 121 A

. 12.2 A1

. 123D &E
. 124b &L
. 125e

. 12.6 D2 & E2

13. Dimensions “b” and “L” are measured on the terminal plating surface.

14. Depending on the method of lead termination at the edge of the package, pull back (L1) may be present. L
minus L1 should be equal to or greater than 0.3 mm.

15. For Symbols, Recommended Values and Tolerances see the Table below: (ACCORDING TO PACKAGE OR
JEDEC SPEC IF REGISTERED)
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Figure 21. VFQFPN-48L 8x6 mm, suggested footprint
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STMicroelectronics is not responsible for PCB-related issues. The footprint shown in the above figure is a
suggestion which may differ from the customer PCB supplier design rules.
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13.2 Packing information

Figure 22. VFQFPN-48L 8x6 mm reel shipment reference
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Table 20. Standard SPC parameters

I

Ao Pocket Length
Bo Pocket Width
Ko Pocket Depth
T Tape Thickness
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Figure 23. VFQFPN-48L 8x6 mm tape dimensions
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Figure 24. VFQFPN-48L 8x6 mm tape, Pin 1 indication
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14 Ordering information

Table 21. Ordering information

IPS8200HQ
IPS8200HQ-1

VFQFPN-48L 8x6 mm Tape and reel
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Table 22. Document revision history

02-Oct-2023 1 Initial release.
12-Feb-2024 2 Changed XOR operator symbol in Section 9.2; some minor changes.

Corrected typo (tout_gn unit) in Table 8; added Figure 18; some minor

10-Jul-2025 3
changes.
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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. 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.

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
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.

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.

© 2025 STMicroelectronics — All rights reserved
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