MICROCHIP

HV53011

16-Channel =135V Push-Pull Driver with RTZ

Features

» 16-Channel Push-Pull Output

* Return-To-Zero (RTZ) and High Impedance (Hi-Z)
Function

* Up to £135V Output Voltage

* 24 mA Minimum Source Sink Output Current
» 250 pF Maximum Output Load

» Current Sensor Output

+ SPI Interface with Quad-Latched 2-Bit per
Channel Architecture

» Power-On Reset Function
» Shutdown Function
+ 59-Ball 8 x 8 mm TFBGA Package

Application

 Surface Haptic Application
« MEMS Driver
* Piezo Driver

General Description

HV53011 is a high-voltage driver solution for surface
haptic applications. It consists of 16 push-pull drivers
capable of 135V output swing with Return-To-Zero
(RTZ) function. Each output driver is capable of sourc-
ing and sinking at least 24 mA. Each high-voltage out-
put is capable of driving up to 250 pF capacitive load. A
global current sensor function is also integrated into
this device to monitor the charge and discharge cur-
rents. The measured current is mapped to a low volt-
age analog output with a scale factor of 3.1 V/V via a
current-sensing resistor.

An SPI interface is used to communicate between the
microcontroller/processor and the high-voltage drivers.
This interface accepts 3.3V logic I/O signals up to clock
speeds of 32 MHz. Five digital LATCH control signals
manage the data flow and the firing pattern. It estab-
lishes the output to one of four possible states: Vpp,
Vnns OV or high impedance.

A proper power on and off sequence is critical to
ensure the operation of the high-voltage driver. This
driver requires four high-voltage power rails, Vpp, VpE,
Vnns Ve and three low-voltage power rails, Ve, Vgs
and V| . A companion integrated driver IC, HV53001,
has a built-in power on/off sequence control circuits to
maintain the proper orders.

A shutdown function is available to disable the driver
and set it to consume minimum power when the driver
is not used.

The HV53011 device is packaged in a 8 x8 mm
59-ball TFBGA package. All high-voltage 1/Os are
assigned to have sufficient clearance for safety
purposes.

© 2021 Microchip Technology Inc.

DS20006519A-page 1



HV53011

Typical Application Diagram
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Package Types (Top View)
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Block Diagram
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HV53011

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings 1

High Positive SUPPIY VORAGE (VPP) -veervveetiiiiiiitieitiest ettt nne e -0.3V to +140V
High Negative Supply VOIAGE (VNN)-« - eceerrerrriiieiie ittt -140V to +0.3V
High Positive Floating Supply Voltage (Vpg) ..o Vpp - 14V to Vpp
High Negative Floating Supply VOIRAGE (V) - veeeerrrierireeiiiieiiiei sttt VN to VN + 14V
Analog Low Positive Voltage SUPPIY (VEE) -« - vreeermrrerieieeie e -0.3V to +8.0V
Analog Low Negative Voltage SUPPIY (VgG) -+  reerrrrrrieiiiiiie ittt ettt -8.0V to +0.3V
LOGIC VOIAGE SUPPIY (VL) c-veereermreerieiiieitie ettt ettt ettt be e sen e et e e san e e nreesaneenee e -0.3V to +4.0V
Logic Input Levels (Hi-V Driver, SPI interface, LATCHx and SHDN) ........coociiiiiiiiiiiiiiee e -0.3Vto V| +0.3V
Maximum Junction TemMPerature (T jax)) -« reeserrrrrriririii e +125°C
StOrage TEMPETALUIE .......coiiiiiieee ettt et e e et et e e se e e s e e e e eab e e e s e e e sar e e e ere e e nanes -65°C to +150°C
ESD Rating on Low Voltage Pins (Human Body MOEI).........cooiiiiiiiiiiie e 2kV
ESD Rating on Low Voltage Pins (Charged Device MOEI).........cooiiiiiiiiiiiie et 500 V
ESD Rating on High Voltage Pins (Human Body MoOdel)...........oooiiiiiiiiiiiiiieee et 500V
ESD Rating on High Voltage Pins (Charged Device MOdEl)...........cceeiiiiiiiiiiiiiiieeie s 500 V

T Notice: Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those indicated in the
operational sections of this specification is not intended. Exposure to maximum rating conditions for extended periods
may affect device reliability.

TABLE 1-1: OPERATING SUPPLY VOLTAGES

Electrical Specifications: Unless otherwise specified: Ty = T; = +25°C. Boldface specifications apply over the
Ta =T, =range of -40°C to +125°C.

Parameter Sym. Min. Typ. Max. Units Conditions

High Positive Supply Voltage Vpp 48 135 \Y% Note 1
High Negative Supply Voltage VNN -135 -48 \

Low Positive Supply Voltage vV

(High Voltage Driver) Vee 6.0 6.5 7.0

Low Negative Supply Voltage ] ) ) v

(High Voltage Driver) Vss 6.5 6.0 5.5

Logic Input Supply Voltage vV

(SPI Interface) Vi 3.0 3.3 3.6

Negative Floating Supply Voltage VNE Vnn T 9V - Vyn+13.2V \%

Positive Floating Supply Voltage Vpe Vpp-13.2V - Vpp - 9V \Y

High-Level Input Logic Voltage Viy 0.8V, \Y

Low-Level Input Logic Voltage VI 0 0.2V, \%

Note 1: Specification is obtained by characterization and is not 100% tested.
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HV53011

TABLE 1-2:

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, all limits apply for Ty = T; = 25°C; Boldface specifications
apply over the full operating temperature range of Ty = T = -40°C to 125°C. Typical values are at +25°C.
Vpp = +135V, VNN = -135V, VPF = +123V, VNF = -123V, VCC = +6.5V, VSS = -G.OV, VLL = +3.3V unless otherwise

specified.
Parameter Sym. ‘ Min. | Typ. | Max. | Units ‘ Conditions
High Voltage Driver
Quiescent Vpp Supply Current
(Sum of Current at Vpp and lpQ 3.7 5.6 mA
Vepo pins)
Quiescent Vy Supply Current
(Sum of Current at Vi and INNQ -5.8 -3.8 mA
VNNo Pins)
Quiescent Vpg Supply Current IpeQ 5.2 3.6 mA
(Source)
Quiescent Vg Supply Current IeQ 37 54 mA
(Source)
Quiescent High Voltage Positive
Supply Resultant Current, IpPrRQ 0.4 mA
IppQ* IpeQ
Quiescent High Voltage
Negative Supply Resultant
Current, IzQ+ INeQ InrQ 04 mA
Vpp Supply Current Vpp=+90V, VyN=-90V,
(Sum of current at Vpp and Ipp 7.5 mA | Vpg=+78V, V\g=-78V,
Vppo pins) fHVOUT =20 kHz,CL=
250 pF, Running two
Vn Supply Current channels. Test pattern =
Vo Pins) pulse width
High Voltage Positive Supply | 2 mA VPPfJ'gOV' VNN_='90V’
Resultant Current, Ipp + Ipg PPR Vpp=t78V, VNg=-78V,
fHVOUT =20 kHZ,CL=
250 pF, Running two
. ) channels. Test pattern =
H'Igh V‘l’t"agt%Negai"’le S‘iplp'y INNR -2 mA | Figure 1-3 with 12.5 ps
Vpp =+90V, VNN= -90V,
Vpg Operating Supply Current lpp -5.5 mA | VPF= * 78V, Vne= 78V,
fHVOUT =20 kHZ,
C_= 250 pF,
Running two channels.
i Test pattern =
Vg Operating Supply Current Ine 55 mA p

Figure 1-3 with 12.5 ys
pulse width

Note 1:

all input pins = OV unless noted. T; = 25°.C

2: Design guidance only.
3: Specification is obtained by characterization and is not 100% tested.

Recommended operating conditions: V|| = +3.3V, V¢ = +6.5V, Vgg = -6.0V, Vpp = +135V, VN = -135V

DS20006519A-page 6
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HV53011

TABLE 1-2:

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all limits apply for Ty = T = 25°C; Boldface specifications
apply over the full operating temperature range of Ty = T = -40°C to 125°C. Typical values are at +25°C.
Vpp = +135V, VNN = -135V, VPF = +123V, VNF = -123V, VCC = +6.5V, VSS = -G.OV, VLL = +3.3V unless otherwise

Voltage

specified.
Parameter Sym. Min. Typ. Max. Units Conditions
V¢ Operating Supply Current lcc 0.2 mA | Vpp=+90V, VyN=-90V,
VPF=+78V, VNF=-78V,
Test pattern =
Figure 1-3 with 12.5 us
Vg Operating Supply Current Iss -0.2 mA | pulse width
VLL =+3.3V
. SCK =32 MHz,
V| Operating Supply Current I 25 mA SDI = 16 MHz pulse
train
Ve Negative Floating Suppl
Rl/Foltagge g supply VNE Van+OV - VaNHI32V |V
Vpg Positive Floating Supply i ) }
Voltage VpE Vpp-13.2V Vpp-9V \%
Vpp =+90V, VNN= -90V,
VPF = +78V, VNF= -78V,
HV oyt Switching Frequency fuvouT 0 25 kHz |C =250 pF,
Testpattern =Figure 1-3
with 12.5 us pulse width
Vpp = +90V,
HVoyut Output Source and Sink | 24 mA VNN = -90V,
Current HvouT Vpg= +78V,
VNF =-78V
Return-To-Zero Slew Rate VPP_= +90V’VNN_= -90V,
90% to 10% V= +78V.Vip = 78V,
. SR 40 100 200 Vius |Vge= +6.5V,Vgg=-6.0V
(i) from Vpp to OV G = 250 pF
(ii) from Vi to OV L P
Delay Time for Output to Start Vep - *135V,
Rise/Fall Vn =135V,
(from LATCHA, B, C, D to l4(ON/OFF) 190 " \N/g?;a?ﬂs(\l\io\:s %)_ o
1V HVoyr)
Variation of Delay Time
(Channel to Channel) Ay 40 ns |Note3
Shutdown Pin Input Enable
P ViH(SHDN) 2.5 \4

VPPSENSE and VNNSENSE Current Sensor

Note 1:

all input pins = 0V unless noted. T; = 25°.C

2: Design guidance only.

3: Specification is obtained by characterization and is not 100% tested.

Recommended operating conditions: V|| = +3.3V, V¢ = +6.5V, Vgg = -6.0V, Vpp = +135V, VN = -135V

© 2021 Microchip Technology Inc.
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HV53011

TABLE 1-2: ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all limits apply for Ty = T; = 25°C; Boldface specifications
apply over the full operating temperature range of Ty = T = -40°C to 125°C. Typical values are at +25°C.

Vpp = +135V, VNN = -135V, VPF = +123V, VNF = -123V, VCC = +6.5V, VSS = -G.OV, VLL = +3.3V unless otherwise
specified.

Parameter Sym. Min. Typ. Max. Units Conditions
Vpp = +135V,
vV VNN = -135V,
VPPSENSE/VNNSENSE out Ve = +6.5V,
Output Voltage (VPPSENSE/ 0 3.6 v Vgg = -6.0V,
VNNSENSE) VPP _ VPPO =1.0V,
VNNO - VNN =1.0V
Vpp = +135V,
VNN = -135V,
VCC =+6.5V,
Voltage Gain of Current Sensor | AVggnse -14% 3.1 +14% VIV |Vgg=-6.0V,

Vpp-Vppo and
Vno-Yan: from 0.1 to
1.0V

Vpp = +135V,

VNN = -135V,

VCC =+6.5V,

Sensing Amplifier Output Offset Vos -280 +280 mV | Vgg =-6.0V,
Vep-Vppo and
VNNO_VNN: from 0.1 to
1.0V

(Note 3)

Vpp = +90V,

VNN = -90V,

VCC = +6.5V,

300 ns Vgg =-6.0V, C = 3 pF,
Test pulse: 1V, 1 us
pulse width

1. VppandV

Rise Time 2 VZE and V,F;F,)\,%

(Time from 10% to 90% of tr —
targeted value) Vpp = +90V,
VNN = -90V,

VCC = +6.5V,

Vgg =-6.0V, C| =20 pF,
740 ns Test pulse: 1V, 1 us
pulse width

1. Vpp and Vppo

2. VNN and VNNO

VPPSENSE/VNNSENSE RLoap 10 MQ | Note 2
Output Load CLoaD 3 pF Note 2
SPI Interface
Digital Input Clock Frequency foLk 32 MHz | 3.3V logic input
High-Level Input Logic Voltage Viy 0.8V \
Low-Level Input Logic Voltage Vi 0 0.2V \
Logic I/0 Pin Rise and Fall Time tr, t¢ 5 ns C_=15pF (Note 3)

Note 1: Recommended operating conditions: V|| = +3.3V, V¢ = +6.5V, Vgg = -6.0V, Vpp = +135V, VN = -135V
all input pins = 0V unless noted. T; = 25°.C
2: Design guidance only.
3: Specification is obtained by characterization and is not 100% tested.

DS20006519A-page 8 © 2021 Microchip Technology Inc.
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TABLE 1-2:

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all limits apply for Ty = T = 25°C; Boldface specifications
apply over the full operating temperature range of Ty = T = -40°C to 125°C. Typical values are at +25°C.
Vpp = +135V, VNN = -135V, VPF = +123V, VNF = -123V, VCC = +6.5V, VSS = -G.OV, VLL = +3.3V unless otherwise

Register to Output Register

specified.
Parameter Sym. Min. Typ. Max. Units Conditions
Sourced by any standard 1/0O pin| Isource 10 mA | Note 2
Sunk by any standard I/O pin Isink 10 mA | Note 2
SPI Quiescent Current of Low In shutdown mode.
Voltage Supplies with Shut- LLQ 100 pA [ Alllogic input = OV.
down asserted V(SHDN) = V|_|_
Time to Enter and Exit t 1 ms gg:(==1ié2MMHllz i?:e
Shutdown SHDN . P
train.
Time from Chip Select and SPI Refer to Figure 1-1
data twarr 20 50 ) NS |(Note 2)
Time to Transfer 128 Bits of ¢ 4 ) ) s Refer to Figure 1-1
Data PKT HS 1 (Note 2)
Time from Last Clock Pulse to ¢ 20 50 ) ns Refer to Figure 1-1
LATCHIN H(LAT) (Note 2)
Digital Interface
) Refer to Figure 1-2
Time SPI Latch Held Low tab 20 50 - ns (Note 2)
' Refer to Figure 1-2
Time Between SPI Latches tac 10 12 - us (Note 2)
Time from SPI Latch Assert to ¢ ) 10 20 ns Refer to Figure 1-2
Data Valid ae (Note 2)
Time from SPI Latch to Data Refer to Figure 1-2
Latch tak 20 50 - S | (Note 2)
) . . Refer to Figure 1-2
Time Latch Signal Held High tak 20 50 - ns (Note 2)
) . Refer to Figure 1-2
Time Latch Signal Held Low tmn 20 50 - ns (Note 2)
Time Between Two Data Latch Refer to Figure 1-2
Events trs 80 100 ) NS |(Note 2)
Propagation Delay from Data i ) 10 20 ns Refer to Figure 1-2

(Note 2)

Note 1:

Recommended operating conditions: V|| = +3.3V, V¢ = +6.5V, Vgg = -6.0V, Vpp = +135V, VN = -135V
all input pins = OV unless noted. T; = 25°.C
2: Design guidance only.

3: Specification is obtained by characterization and is not 100% tested.

© 2021 Microchip Technology Inc.
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HV53011

TEMPERATURE SPECIFICATIONS

V| = +3.3V unless otherwise specified.

Electrical Specifications: Vpp = +135V, V\ = -135V, Vpg = +123V, Vg = -123V, Ve = +6.5V, Vgg = -6.0V,

Parameters ‘ Sym. ‘ Min. | Typ. | Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Junction Temperature Range T, -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C
Package Thermal Resistance
Thermal Resistance, 59B 8x8 TFBGA | 6,a | — | 337 | — | “CW |

DS20006519A-page 10
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1.1 Timing Diagrams
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HV53011

1.2 Typical Performance Curves

Note:  The graphs and tables provided below are a statistical summary based on a limited number of samples and
are provided for informational purposes only. The performance characteristics listed herein are not tested
or guaranteed. In some graphs or tables, the data presented may be outside the specified operating range
(e.g. outside specified power supply range) and therefore outside the warranted range.

FIGURE 1-4: Typical HV oy Output
Waveform Vpp=135V, V\n=-135V,
Load = 100 pF.
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FIGURE 1-6:
0V, Load = 100 pF.
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FIGURE 1-8: Typical HV oyt from -135V
to 0V, Load = 100 pF.
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FIGURE 1-5: Typical HV oyt from OV to

135V, Load = 100 pF
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FIGURE 1-7: Typical HV oyt from OV to
-135V, Load = 100 pF.
Typical Rise Time of HVqyr
(OV to Vpp, Ty=25°C)
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FIGURE 1-9: Typ. HVoyTt Rise Time

Distribution, from 0V to 90V, Load = 250 pF.
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Note:  The graphs and tables provided below are a statistical summary based on a limited number of samples and
are provided for informational purposes only. The performance characteristics listed herein are not tested
or guaranteed. In some graphs or tables, the data presented may be outside the specified operating range
(e.g. outside specified power supply range) and therefore outside the warranted range.

Typical Return-to-Zero Time of HVqyr
(Vpp to OV, Ty=25°C)
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Typical Fall Time of HVyr
(OV to Vyy, Ty=25°C)
50%
45%
40%
35%

30%
25%
20%
15%
10%
5% I
- =
380 400 420 440 460

0%
480 500 520

% of Units

Fall Time (ns)

FIGURE 1-10: Typ. HV oyt Fall Time
Distribution, from 90V to 0V, Load = 250 pF.

FIGURE 1-11: Typ. HVoyt Fall Time
Distribution, from 0V to -90V, Load = 250 pF.

Typical Return-to-Zero Time of HVqyr
(Vyy to OV, T,=25°C)
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FIGURE 1-12: Typ. HVoy7 Rise Time

Distribution, from -90V to 0V, Load = 250 pF.
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FIGURE 1-14: Typical VPPSENSE
buffered output, Vpp = 135V, Vyn =-135V,
Load=100 pF, 6.04 ohm sense resistor, four
channels active.

FIGURE 1-13: Typical VYNNSENSE
Buffered Output, Vpp=135V, Vyn=-135V,
Load=100pF, 6.04 ohm sense resistor, four
channels active.
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FIGURE 1-15: Typical HV oyt
Channel-to-Channel Delay.
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Note:  The graphs and tables provided below are a statistical summary based on a limited number of samples and
are provided for informational purposes only. The performance characteristics listed herein are not tested
or guaranteed. In some graphs or tables, the data presented may be outside the specified operating range
(e.g. outside specified power supply range) and therefore outside the warranted range.
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FIGURE 1-16: Typical LATCHA to HVyr FIGURE 1-17: Typical LATCHB to HV oyt
Propagation Delay Propagation Delay
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FIGURE 1-18: Typical LATCHC to HV gyt FIGURE 1-19: Typical LATCHD to HV oyt
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FIGURE 1-20: Typical SDO output Rise
Time and Fall Time
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2.0 PIN DESCRIPTION

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE

Pin Symbol Description
EN Vpp Positive High-Voltage Supply
C9 Vppo Positive High-Voltage Current Sense
G1 VNN Negative High-Voltage Supply
J9 VNNO Negative High-Voltage Current Sense
D7 Vee Positive Low-Voltage Supply
E7 Vsg Negative Low-Voltage Supply
c7 VL VLL Logic Voltage
J3-7, H4-7,G5-7, HVGND High-Voltage Ground
F6-7, E6, D3, E3
E9 VpE Positive floating voltage supply reference to Vpp level
G9 VNE Negative floating voltage supply reference to Vyy level
J11 FILN 0.1 pF Capacitor across FILN and VNNO
C11 FILP 0.1 puF Capacitor across FILP and VPPO
C3 VPPSENSE | Positive High-Voltage Sense Analog Output
F3 VNNSENSE | Negative High-Voltage Sense Analog Output
G3 NC No connection (Do not connect. Keep the pin floating.)
H3 NC No connection (Do not connect. Keep the pin floating.)
A11 HVout0 High-Voltage Output 0
A9 HVout1 High-Voltage Output 1
A7 HVout2 High-Voltage Output 2
A5 HVout3 High-Voltage Output 3
A3 HVout4 High-Voltage Output 4
A1 HVoutd High-Voltage Output 5
C1 HVout6 High-Voltage Output 6
E1 HVout? High-Voltage Output 7
G1 HVout8 High-Voltage Output 8
J1 HVout9 High-Voltage Output 9
L1 HVoyut10 High-Voltage Output 10
L3 HVout11 High-Voltage Output 11
L5 HVout12 High-Voltage Output 12
L7 HVoyut13 High-Voltage Output 13
L9 HVoyut14 High-Voltage Output 14
L11 HVout15 High-Voltage Output 15
C5 SS SPI Chip Select
D5 SDI SPI Data In
E5 SDO SPI Data Out (for daisy chain)
F5 SCK SPI Clock
G4 LATCHIN Latch SPI Data (SPI -> Latch A, B, C, D)
F4 LATCHA Latch A -> Output Register
E4 LATCHB Latch B -> Output Register
D4 LATCHC Latch C -> Output Register
C4 LATCHD Latch D -> Output Register

DS20006519A-page 16 © 2021 Microchip Technology Inc.
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TABLE 2-1: PIN FUNCTION TABLE (CONTINUED)

Pin Symbol Description
C6 SHDN Shutdown Mode
D6 Reserved Reserved Pin. Connect to Ground.

© 2021 Microchip Technology Inc.
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3.0 DEVICE DESCRIPTION

3.1 Serial Peripheral Interface

The SPlinterface is used to transfer data of the channel
settings from the microcontroller to the high-voltage
driver. The HV53011 operates as an SPI slave device
and receives 128 bits of data from the master device
(microcontroller). The HV53011 SPI interface is
designed to be compatible with all Microchip 8-bit,
16-bit and 32-bit SPI data transmission formats. This
SPI interface has a 128-bit shift register buffer to store
128 bits of data.

The SS pin is a chip select function which is similar to
the enable function to guard the clock and data input
signal. The SCK contains the bus clock signal from the

microcontroller or host processor. The SDI and SDO
are the data input and data output pins of the SPI shift
register buffer.

The SDI and SDO can be used to cascade multiple
HV53011 or HV53011 drivers together if only a single
SPI port is available. This SPI interface is compatible
with 3.3V logic input voltage with a maximum clock fre-
quency of 32 MHz.

The SPI shift register captures the data at the SDI input
in the rising edge of the SCK clock and pushes out the
data from the buffer to the SDO output in the falling
edge of the SCK clock. When the SPI bus is at idle sta-
tus, the SS pin stays in logic “1” and the SCK clock is
expected to stay at “0”.

SS

. 7 e o o (171

SDI Receive Data to SPI Shift Register Buffer
SDO Transmit Data from SPI Shift Register Buffer
FIGURE 3-1: SPI Signal Diagram.

The bit order of the SDI data input is defined as follows.
The first and second data bits represent bit 1 and bit 0
of channel 15 in register D, respectively. The third and
fourth bits represent bit 1 and bit 0 of channel 14 in reg-
ister D. The similar pattern is extended all the way to
channel 0. Hence, there are 32 data bits to control
register D to cover all sixteen channels.

The next 32 data bits are arranged in the same fashion
for register C. Similarly, the exact pattern repeats itself
for register B and A. Since each register (A, B, C and
D) contains 32 bits of data, the SPI shift register buffer
is 128 bits long.

Bit 1 of channel 15 in register D is defined as the MSb
(Most Significant bit) and bit 0 of channel 0 in register
A as the LSb (Least Significant bit) in this SPI shift

SCK ||||||

128 clock cycle

% % 3k ok Kk % 3k Kk %k ¥ 3k %k ¥ % 3k ¥ ¥ %

register buffer definition.

SDI ( MSb... Data < D_CH15[1], D_CH15[0], D_CH14[1], ....... A_CHO[1], A_CHO[0] > ...LSb )

For example, D_CH15[1] = Setting of Register D, Channel 15, Bit 1

FIGURE 3-2: SPI Bit Pattern Diagram.
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The following table shows the summary of the SPI shift
register buffer.

TABLE 3-1: REGISTER LEGEND
Sym Description Sym Description
R Readable bit HC | Cleared by Hardware only
w Writable bit HS | Set by Hardware only
U Unimplemented bit, read as ‘0’ 1 Bit is set at Reset
P Programmable bit 0 Bit is cleared at Reset
S Settable bit x Bit is unknown at Reset
C Clearable bit

Example: R/W - 0 indicates the bit is both readable or writable, and reads ‘0’ after a Reset.

TABLE 3-2: SPI_SR 128-BIT BUFFER SUMMARY
Register Bit Range Bit Bit Bit Bit Bit Bit Bit Bit
Name 127/119/111/ | 126/118/110/ | 125/117/109/ | 124/116/108/ | 123/115/107/ | 122/114/106/ | 121/113/105/ | 120/112/104/
103 102 101 100 99 98 97 96
LATCHD | <127:120> CH15<1:0> CH14<1:0> CH13<1:0> CH12<1:0>
<119:112> CH11<1:0> CH10<1:0> CH9<1:0> CH8<1:0>
<111:104> CH7<1:0> CH6<1:0> CH5<1:0> CH4<1:0>
<103:96> CH3<1:0> CH2<1:0> CH1<1:0> CHO<1:0>
Register Bit Range Bit Bit Bit Bit Bit Bit Bit Bit
Name 95/87/79/71 | 94/86/78/70 | 93/85/77/69 | 92/84/76/68 | 91/83/75/67 | 90/82/74/66 | 89/81/73/65 | 88/80/72/64
LATCHC | <95:88> CH15<1:0> CH14<1:0> CH13<1:0> CH12<1:0>
<87:80> CH11<1:0> CH10<1:0> CH9<1:0> CH8<1:0>
<79:72> CH7<1:0> CH6<1:0> CH5<1:0> CH4<1:0>
<71:64> CH3<1:0> CH2<1:0> CH1<1:0> CHO<1:0>
Register Bit Range Bit Bit Bit Bit Bit Bit Bit Bit
Name 63/55/47/39 | 62/54/46/38 | 61/53/45/37 | 60/52/44/36 | 59/51/43/35 | 58/50/42/34 | 57/49/41/33 | 56/48/40/32
LATCHB <63:56> CH15<1:0> CH14<1:0> CH13<1:0> CH12<1:0>
<55:48> CH11<1:0> CH10<1:0> CH9<1:0> CH8<1:0>
<47:40> CH7<1:0> CH6<1:0> CH5<1:0> CH4<1:0>
<39:32> CH3<1:0> CH2<1:0> CH1<1:0> CHO0<1:0>
Register Bit Range Bit Bit Bit Bit Bit Bit Bit Bit
Name 31/23/15/7 | 30/22/114/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
LATCHA <31:24> CH15<1:0> CH14<1:0> CH13<1:0> CH12<1:0>
<23:16> CH11<1:0> CH10<1:0> CH9<1:0> CH8<1:0>
<15:8> CH7<1:0> CH6<1:0> CH5<1:0> CH4<1:0>
<7:0> CH3<1:0> CH2<1:0> CH1<1:0> CHO<1:0>
3.2 Quad-Latched Two-Bit per “11” = Driven to Ground. Since there are 16 channels

Channel Architecture

In the Quad-Latched 2-bit per channel architecture,
each channel is controlled by a 2-bit encoding for each
of the four possible states: “00” =
ance, “01” = Pull-down to Vyy, “10” = Pull-up to Vpp,

(Hi-Z) high imped-

on each HV53011 device, a 32-bit output control
register is required.

C, D).

Four separate latched arrays (A, B, C, & D) hold four
possible 32-bit output configurations. The data is
loaded from the arrays into the output control register
by four separate external control signals (LATCHA, B,

When the output control register is being

© 2021 Microchip Technology Inc.
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updated using one of the latch signals, the output will
go to a not driven state temporarily to avoid
shoot-through.

The data in these four latched arrays can be updated
using the SPI shift register buffer. The 128 bits of data
is first transmitted from the host processor to this
device via the SPI interface. The data format has been
discussed in the previous section. After this 128 bits
transaction has completed, the data will stay in the SPI
shift register buffer. Then the user sends an activation
signal at the LATCHIN pin to initiate the transfer of the
data from the SPI shift register to the four 32-bit regis-
ters (A, B, C and D).

When the application requires more output channels,
the user can cascade more driver devices in a daisy
chain configuration. The SDO pin is used to pass the
data from the SPI shift register buffer to the cascaded
driver IC.

The SPI signal pins (SCK, SS, SDland SDOQO) are used
to control the data flow of the SPI shift register buffer.
The five latch control signals (LATCHIN, LATCHA,

LATCHB, LATCHC and LATCHD) are used to control
the data selection of the high-voltage output from the
four 32-bit registers. The SPI interface and latch
functions are two independent operation blocks.

To achieve some power savings when idling for a
period of time, a shutdown pin is available to reduce the
quiescent current draw as much as possible.

TABLE 3-3: 2-BIT CONTROL AND

OUTPUT VOLTAGE LOGIC

TABLE
CONTROL BITS
HVOUT OUTPUT
Bit 1 Bit 0
0 0 High Impedance (Hi-Z)

Driven Low (VnN)

0 1
1 0 Driven High (Vpp)
1 1 Driven to Ground (0V)

c N\

§ -
sck | Clock Control
—_ ]
SDO
L SPI 128 bits shift register buffer —D—»
TATCHIN 32 32 32 ™32
I I I I
32-bit TATCHA 32-bit TATCHB 32-bit TATCHC 32-bit TATCHD
132 132 132 132
l A v I
LATCHA,B,C,D \
, SWITCHES

/

32-bit OUTPUT CONTROL REGISTER

XN N
Y

SHDN \ / \‘

OJ.nOAH

- TNOAH \

N

STY°AH | 2

YTL"OAH

FIGURE 3-3:

Quad-Latched Two Bits per Channel Architecture.
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TABLE 3-4: QUAD-LATCHED TWO-BIT LOGIC STATE TABLE
LATCHIN LATCHA LATCHB LATCHC LATCHD Description
l X X X X SPI bit[127:96] into Latch Register D
SPI bit[95:64] into Latch Register C
SPI bit[63:32] into Latch Register B
SPI bit[31:0] into Latch Register A
X* 1 X X X Register A to output
X* X 1 X X Register B to output
X* X X l X Register C to output
X* X X X l Register D to output
Note: * = Delay LATCHX appropriately if a register update from LATCHIN is still in progress.

| = Negative edge-triggered.
X = Don’t care.

3.3

When the shutdown (SHDN) pin is at logic “1”, any
unnecessary circuit in the line driver will be disabled to
minimize power consumption. It includes the level
translator, bias current, voltage reference, driver out-
put, SPI interface, and combinational logic. During
shutdown, the quiescent current will be less than
100 pA. The system response time is less than 1 ms to
switch between shutdown and active modes when a
new signal is asserted at the shutdown pin.

Driver Shutdown Mode

3.4

The Power-on Reset function resets all high-voltage
HVoyT output to high impedance when the device is
initially powered on. It also resets and clears the SPI
buffer registers, registers A, B, C and D to logic “0”.

Driver Power On Reset

3.5

Some system designs require a load sensing function
to determine the size or any change of the capacitive
load. One simple scheme is to place a series current
sensing resistor on the power supply rail and measure
the voltage drop across this resistor. This solution is
very effective as long as the voltage drop is small
enough not to affect the operation of the system.

The HV53011 driver IC provides this function by which
users can monitor the supply current flowing through
both high-voltage positive and negative supplies. Two
external current sensing resistors are connected to Vpp
and Vyy supply rails, respectively, as high side current
sensing. The voltage drop across these resistors are
fed to two pln pairs, Vpp-VppO and VNN_VNNO' Since
this voltage drop is referenced to the Vpp and Vyy sup-
ply rails, it is not practical for any low-voltage ADC to
measure this voltage. Hence, two internal difference
amplifiers in the driver IC convert these voltage drops
to ground reference.

Driver Output Current Sensing

The difference amplifier accepts maximum input volt-
age of 1V. The amplifier gain of 3.1 amplifies this input
and send the output to the VPPSENSE and VNN-
SENSE pins. These amplifiers are designed using
high-voltage and high value resistors to minimize its
power consumption. These amplifier outputs are high
impedance in nature, so an external high bandwidth
(200 MHz) unity gain buffer is recommended. The high
bandwidth is needed to capture the fast current pulse
during the transition.

The user selects the value of the sensing resistor to fit
the system requirement. The speed of the difference
amplifier is its highest priority because the charge or
discharge current appear in a short period of time. The
amplifier output accuracy is less important. Both
VPPSENSE and VNNSENSE outputs have a tolerance
of £14%.

Sense

+135V Resistor

Vep Vero

HVou10
Difference "

Amplifier I
| > HVourl

VPPSENSE
(Reference to GND)
.

.
| > HVourld

HVourl5
l—————

FIGURE 3-4: Current Sensing Topology.
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TABLE 3-5: ACCEPTABLE POWER-ON SEQUENCES

Steps Description
1 Connect ground.
2 Keep shutdown pin to low.
3 Set all driver inputs to low.
4 Power-on supplies in this sequence: V||, V\n: VNE: Vss: Ve, Vpe and then Vpp
5 Set all inputs to a known state.

TABLE 3-6: ACCEPTABLE POWER-OFF SEQUENCES

Steps Description
1 Set all inputs and shutdown pin to low.
2 Power-off supplies in this sequence: Vpp Vpr, Ve, Vss, Ve, Vv @and then Vi .
3 Disconnect ground
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4.0 PACKAGING INFORMATION

4.1 Package Marking Information

59-Ball TFBGA (8x8x1.2 mm) Example

R M\

XXXXXXKXXXXX

XXXXXXXXXXX HV53011
XXXKAKXXXXXX 2008256
YYWWNNN

Legend: XX..X Product Code or Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
e8 Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (€8 )
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

© 2021 Microchip Technology Inc. DS20006519A-page 23
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59-Ball Thin Fine Pitch Ball Grid Array (KVX) - 8x8 mm Body [TFBGA]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

—
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59-Ball Thin Fine Pitch Ball Grid Array (KVX) - 8x8 mm Body [TFBGA]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
O
O O O
0 508080, ©
O OOO OOOOO O
@) OOOO OOO O @)
@) @) O
O O O
@)
O
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Terminals N 59
Pitch e 0.65 BSC
Overall Height A - - 1.20
Standoff A1 0.22 0.27 0.32
Mold Thickness A2 0.53 REF
Substrate Thickness A3 0.26 REF
Overall Length D 8.00 BSC
Overall Terminal Spacing D1 6.50 BSC
Overall Width E 8.00 BSC
Overall Terminal Spacing E1 6.50 BSC
Terminal Diameter b 0.32 0.37 0.42
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Package is saw singulated

3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

© 2021 Microchip Technology Inc.
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59-Ball Thin Fine Pitch Ball Grid Array (KVX) - 8x8 mm Body [TFBGA]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
—| |[-— G
1 2 3[4 5 6 7 8 9 10 11
A ® O g © O O O -
B
c O 00000 O O
D OO000O0 - .
E O 00000 O O _T
F O000O0 * C2
G O 00000_ O O
H OO000O0 _f
J O 00000 O O G
K
L o O Cﬁ O O O -
I
| | OX ——| |[~—=— |
|-—
SILK SCREEN
C1
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | Nom | MAX
Contact Pitch E 0.65 BSC
Overall Contact Pad Spacing C1 6.50
Overall Contact Pad Spacing C2 6.50
Contact Pad Width (X59) X 0.35
Contact Pad to Contact Pad G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during

reflow process
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APPENDIX A: REVISION HISTORY

Revision A (March 2021)

+ Original Release of this Document.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO.

Device

Media Type Temperature
Tape and Reel

i 7 o

Package
Range

Device:

Media Type:

Temperature
Range:

Package:

HV53011: 16-Channel, 135V Push-Pull Driver with RTZ

blank =260/Tray for KVX Package
T = 1000/Reel for KVX Package
E =-40°C to +125°C (Extended) RoHS Compliant

KVX  =Thin Fine Pitch Ball Grid Array
59-Ball TFBGA (8 x 8 x 1.2 mm)

Examples:

a)  HV53011-E/KVX: 16-Channel, 135V Push-Pull
Driver with RTZ. Thin Fine Pitch
Ball Grid Array, 59-Ball TFBGA (8
x 8 x 1.2mm) Package, 260/Tray

b)  HV53011T-E/KVX:16-Channel, +135V Push-Pull
Driver with RTZ. Thin Fine Pitch
Ball Grid Array, 59-Ball TFBGA (8x
8 x 1.2mm) Package, 1000/Reel

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This identifier
is used for ordering purposes and is not
printed on the device package. Check with
your Microchip Sales Office for package
availability with the Tape and Reel option.

© 2021 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner and under normal conditions.

. There are dishonest and possibly illegal methods being used in attempts to breach the code protection features of the Microchip
devices. We believe that these methods require using the Microchip products in a manner outside the operating specifications
contained in Microchip's Data Sheets. Attempts to breach these code protection features, most likely, cannot be accomplished

without violating Microchip's intellectual property rights.

. Microchip is willing to work with any customer who is concerned about the integrity of its code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable." Code protection is constantly evolving. We at Microchip are
committed to continuously improving the code protection features of our products. Attempts to break Microchip's code protection
feature may be a violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software or
other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication is provided for the sole
purpose of designing with and using Microchip products. Infor-
mation regarding device applications and the like is provided
only for your convenience and may be superseded by updates.
It is your responsibility to ensure that your application meets
with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL OR CONSEQUEN-
TIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND
WHATSOEVER RELATED TO THE INFORMATION OR ITS
USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION. Use of Microchip devices in life sup-
port and/or safety applications is entirely at the buyer's risk, and
the buyer agrees to defend, indemnify and hold harmless
Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights
unless otherwise stated.
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please visit www.microchip.com/quality.
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