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MICROCHIP

HV7321

4-Ch. 5-Level £80V High-Voltage Ultrasound Pulser with T/R Switches

Features

» Power Sequencing Free 5 Output Levels
including RTZ (Return-to-Zero)

» -44 dB Single-Cycle Pulse-Inversion Second
Harmonic Distortion (HD2) at 5 MHz

» Output Voltage up to +80V

» +2.5A Peak Output Current

+ +300 mA Current from Vpp1/VyN¢ in CW Mode-0
* Integrated T/R Switch & RX Damper Switch

» Bleeder Switches Achieve True Zero during RTZ
» Supports Both Transparent and Re-Timing Mode

» Re-Timing Clock Frequency Supports up to
220 MHz

* Built-In Output Protection Diodes and Clamp
Diodes

* +2.5/+3.3V Input Logic

 Built-In CW Switches to Pair with External CW
Transmitters (CW Mode-1)

* 9 mm x 9 mm 64-Lead VQFN Package

Applications

» Medical Ultrasound Imaging Systems
« NDT Ultrasound
 Piezoelectric or Capacitive Transducer Drivers

General Description

The HV7321 is a 4-channel, 5-level, ultrasound
transmitter with built-in T/R switches, output protection
diodes and clamp diodes. The HV7321 can provide up
to +2.5A and the output voltage swing can be up to
+80V. The HV7321 supports both Transparent and
Re-Timing mode. The re-timing clock frequency can
support up to 220 MHz. The re-timing feature helps
reduce the output jitter introduced by the driving the
field-programmable gate array (FPGA).

The HV7321 has two different modes for
CW transmission, CW-Mode 0 and CW-Mode 1.

In CW-Mode 0 (Mode = 0, PWS = 0), the Vpp4 and
VN1 rails are used for CW transmission. The output
current is reduced in CW Mode-0.

In CW-Mode 1, the HV7321 accepts the output of an
external CW beamformer as CW source.

The HV7321 is LVCMOS 2.5V/3.3V input compatible,
which can be interfaced with the FPGA directly.

The HV7321 is available in a 9 mm x 9 mm 64-Lead
VQFN package.

© 2016 Microchip Technology Inc.
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HV7321

Package Types
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HV7321 - Block Diagram
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HV7321

HV7321 - Typical Application Circuit
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HV7321

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

POSItiVe 10GIC SUPPLY (VL) et e -0.5V to +5.5V
All /O & CLK PIN VOIRAGE (V]0) - veevremeerieeiee e s -0.5V to +5.5V
POSIitive VOItAGE SUPPIY (VDD):++revreerrrermrietieriit et sitee e sttt ettt ettt et e st e sb e b e sbb e e st e e san e e b e e saneenee e -0.5V to +5.5V
Positive gate driver SUPPIY (VGP) -« e reerrreaririii ittt ettt ettt st st re e st e nne e -0.5V to +13.5V
Negative gate driver SUPPIY (VGR) - e reeerrmir ettt st -13.5V to +0.5V
High voltage positive SUPPIY (VPP 1) . vereirereireiiiiiiiiiiisi -1.0V to +85V
High voltage negative SUPPLY (VNNQ, 1,2)«+swsersererrerereriieniitiisiiiei sttt -85V to +1.0V
CW INPUL VOIRBGE (VEIWIN) -+ veerrmeermermeemeemee s e st e e e s see e see e se e s e e eesr e neemeesneemeeeneeeeeneennas -7.5V to +7.5V
TX PIN VOHBGE (V) -+t enveerretamreenmeeeiteeste et st ettt b ettt ettt h e et b e eat e e b e eab e e bt e sae e e bt e shb e e bt e nan e et e e nnneene et -85V to +85V
RX PIN {0 GND VOIAGE (VRX) +--vvtrvreerreeririeriieitt sttt ettt ettt ettt ettt sae e et sn e e e sen e e bt e sereesbeenene e e +0.7 to £1.4V
OPerating tEMPEIATUIE ..o ettt e bt s bt e e rab e e e s be et e e e st e e eabeeenae 0°C to +85°C
SEOrage tEMPEIAtUIE ...ttt et b e e e eaee e e et -55°C to +150°C
Maximum JUNCHON tEMPEIALUIE........co ettt e e et e e e e ettt e e e e e nbe e e e e nsbeeeaeeannneeaaaaann +130°C
Maximum NOt-IatCh-UP CUITENT ... e e e e e e e e e e e e e e e eeeeaaaaesaaa s snnnnnsnnnsnnnnnes +100 mA
ESD Rating CW|N,TX, Vpp, VNN pins ...................................................................................................................... +500V
ESD RatinNg — @Il OtNEE PINS ...ciiiiiiiiie ettt e et e e e e e st e e e e e e et e e e e e s e tbaaeeassbeeeeeesntsaeaae e nsreneaean +2kV

1 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.

ELECTRICAL CHARACTERISTICS

Electrical specifications: V|_|_ =+2.5V, VDD =+5.0V, Vpp0’1 =+80V, VNN0,1,2 =-80V, VGP =+10V, VGN =-10V,
Vsug = 0V, PWS = OEN = REN =1, Ty = 25°C, unless otherwise specified. Parameters in Bold apply over the
operating temperature range of Tp = Ty = 0 to +85°C.

Parameter Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Conditions
Operating Supply Voltages
Positive Logic Supply VL 2.25 2.50 3.60 \% Note 1
Positive Voltage Supply Vpp 4.75 5.0 5.25 V  |Note 1
Positive Gate Driver Supply Vap 8.0 10 12 vV Note 1
Negative Gate Driver Supply VaN -12 -10 -8.0 See Table 3-1.
. o Vppg 0 — 80 Note 1
High Voltage Positive Suppl \%
9 g dad Vpp1 0 — 80 Must be Vppg 2 Vpp1
. . VNNO -80 — 0 Note 1
High Voltage Negative Suppl \Y
9 ge ed PP VNN -80 — (] Must be Viyno < VN1

Operating Supply Current

V| Quiescent Current ILLq — 0.06 0.7 MA
Vpp Quiescent Current Ibpa — 30 80 MA
Vppg Quiescent Current IpPoQ — 0.37 6 MA
Vnno Quiescent Current INNOQ -9 -0.78 — MA - |OEN=REN=0
Vpp1 Quiescent Current Ipp1Q — 0.44 10 MA
VN1 Quiescent Current INN1Q -10 -1.46 — MA
Vnn2 Quiescent Current INN2Q -7 -3.84 — MA

Note 1: Characterized only; not 100% tested in production.
2: Design guidance only.

© 2016 Microchip Technology Inc. DS20005639A-page 5



HV7321

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical specifications: V|_|_ =+2.5V, VDD =+5.0V, Vpp0’1 = +80V, VNN0,1,2 =-80V, VGP =+10V, VGN =-10V,
Vsyug = 0V, PWS = OEN = REN =1, Ty = 25°C, unless otherwise specified. Parameters in Bold apply over the
operating temperature range of Tp = Ty = 0 to +85°C.

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Vpp Current IpDEN — 0.9 1.0 mA
Vppg Current lpPoEN — 0.1 0.13 mA
Vo Current oen | 012 | 01 | — | ma |[fFOMHz
folk = 0 MHz
Vpp1 Current IpP1EN — 0.1 0.13 MA | MODE =0 or 1
VN1 Current INN1EN -0.12 -0.1 — mA
VN2 Current INN2EN -0.05 | -0.03 — mA
V| L Current with Re-Timing ILLRT — 0.11 0.3 mA | foLk =80 MHz
] o TX one-channel output, no load,
Vpp Current with Re-Timing IDDRT — 7.08 8 mA continuous, Note 1
V| Max. Current of SEL = 0/1 ILLs — 23 40 pA
Vpp Max. Current of SEL = 0/1 Ibps — 1.5 1.7 mA [CLK=0
Vgp Max. Current of SEL = 0/1 Igps — 2.6 4 mA |PWS =1
Vg Max. Current of SEL = 0/1 lons -14 -9 — | mA :V'ODE =0 e
Vepg Current of SEL = 0 (! lppos — 136 | 146 | mA cgﬁgﬂleﬁgglsusing "Dl'g(ﬁon':zNé?\annel
Vo Current of SEL =0 (1) InNOS -132 | -125 — mA | output continuous, no load, at
Vppq Current of SEL = 1 (1) lpp1s — 148 | 158 | mA |5MHz
VN Current of SEL = 1 (1) INN15 -150 | -143 — mA
Vgp Current of SEL = 1 lePcw — 1.0 2.0 mA | TX one-channel output 5 MHz,
Vgn Current of SEL = 1 lonew | 8.0 | -5.0 — mA | continuous, no load
Vpps Current of SEL = 1 boicw | — | 17 | 26 | mA \F/,\F;\j’é’ ZN,%BEiVO
VN1 Current of SEL =1 INNTCW -20 -15 — mA | CW Mode-0, Note 1
CWSW High-Voltage Analog Switch
CW Switch Input Voltage Vewino-z | -7.0 — +7.0 \Y
Yoy Analog BN Rowsw | — | 265 | 35 | Q |lowsw= 2100 mA
TRSW Off Withstand Voltage Vewsw -80 — +80 Vo |lgw=+1.0 yA
CWSW Off Capacitance to GND c — 5.0 — F MODE =1, 1 MHz, 0 dBm,
CWSW On Capacitance to GND cwsw — 60 — P*IbC oV, Note 1
CWSW Switching On Time — 800 1100 50% MODE rise to CWSW on/off
CWSW Switching Off Time fowsw — 66 90 S I Note 1
TX Output P-Channel MOSFET on Vpp,
On-Resistance RoN po — 8.5 19 Q |lgp=100 mA
1 15 o A Vppg = 25V, R = 1.0Q to GND
Peak Output Current louT PO Note 1
- 20 28 o A Vppg = 80V, R = 1.0Q to GND
Note 1
Note 1: Characterized only; not 100% tested in production.

2: Design guidance only.

DS20005639A-page 6
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HV7321

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical specifications: V|_|_ =+2.5YV, VDD =+5.0V, Vpp0’1 =+80V, VNNO,1,2 =-80V, VGP =+10V, VGN =-10V,
Vgug = 0V, PWS = OEN = REN = 1, Ty = 25°C, unless otherwise specified. Parameters in Bold apply over the

operating temperature range of T4 = Ty = 0 to +85°C.

Parameter Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Conditions
TX Output P-Channel MOSFET on Vpp,
On-Resistance at PWS = 1 — 16 21
- Ron_p1 Q |lgp=100 mA
On-Resistance at PWS =0 - — 33 43
1 0.8 1.0 —_ Vppo 1= +25V, RL =1.0Q to GND
Peak Output Current at PWS =1 U .
| 1.5 1.75 — A Vppp, 1= +80V, R = 1.0Q to GND
w | T 04 | 05 — Vppg 1 = +25V, R, = 1.0Q to GND
Peak Output Current at PWS =0 :
0.8 0.95 — Vppp,1 = +80V, R = 1.0Q to GND
TX Output N-Channel MOSFET on Vg
On-Resistance Ron_No — 8 10 Q |lgp=100 mA
1) -1.4 -1.7 — A | Vnno =-25V, R =1.0Q to GND
Peak Output Current louT NO
- -2.0 -2.3 — A [ Vnno =-80V, R =1.0Q to GND
TX Output N-Channel MOSFET on V4
On-Resistance at PWS =1 — 1 13
N RON N1 Q ISD =100 mA
On-Resistance at PWS =0 - — 36 45
— -1.2 -1.0 \Y, =-25V, R =1.0Q to GND
Peak Output Current at PWS = 1 (1) NNO,1 L
| —_— -1.6 -1.3 A VNN0,1 = -80V, RL =1.0Q to GND
ol UM — ] 04 | 03 Vo1 = 25V, R, = 1.0Q to GND
Peak Output Current at PWS =0 M :
— -0.55 -0.4 VNno, 1= -80V, R = 1.0Q to GND
TX Damping P-Channel MOSFET on GND
On-Resistance Ron_pomp — 7.0 16 Q Isp = 100 mA
™) | 23 2.7 — A |R_=1.0Q from -25V to TX
Peak Output Current OUT_PDMP 53 o8 _ A R_ = 1.0Q from -80V to TX
TX Damping N-Channel MOSFET on GND
On-Resistance RON_NDMP —_ 7.0 16 Q ISD =100 mA
0 | — -2.0 -1.8 A R =1.0Q from +25V to TX
Peak Output Current OUT_NDMP _ 23 20 A R_ = 1.0Q from +80V to TX
RTZSW Auto Bleed High-Voltage Analog Switch
RTZSW On-Resistance (1) Rrrzsw — 238 270 Q |lsp=£1.0mA
RTZSW Off Withstand Voltage (V' | Vrrzsw | -80 — +80 vV |lsw=%100 pA
TX OUTPUT Isolation Diodes and Bleed Resistor
Diode Forward Voltage Vg — 0.96 1.9 V  |lgm =300 mA, Note 1
Forward Continuous Current lEm — 300 — mA | Note 2
Peak Forward Pulse Current lFsm — 3.0 — A |PW =50 ns, Note 2
Total Capacitance of 2-diode Cr — 3.5 — pF [at1MHz, 1 dBm, OV DC, Note 2
TX/RX Bleed Resistor to GND Ry 11 15 20 kQ |Note 1

Note 1: Characterized only; not 100% tested in production.

2: Design guidance only.

© 2016 Microchip Technology Inc.
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HV7321

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical specifications: V|_|_ =+2.5V, VDD =+5.0V, VPP0,1 = +80V, VNN0,1,2 =-80V, VGP =+10V, VGN =-10V,
Vsug = 0V, PWS = OEN = REN =1, Ty = 25°C, unless otherwise specified. Parameters in Bold apply over the
operating temperature range of Tp = Ty = 0 to +85°C.

Parameter

Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘

Conditions

TRSW and RXDMP Switches

TRSW Analog Switch

ITRSW =+1.0 mA

On-Resistor Rrrsw - 18 22 2 | Note 1
TRSW Off Withstand Voltage VTrsw -80 — +80 V  |lgw =100 pA, Note 1
RX to GND Protection Diode VE — 1.5 2.2 V  |lg=+100 mA, Note 1
RXDMP Switch On-Resistance Rrxpmp — 17 21 Q |lgp=+1.0 mA, Note 1
RX Pin to GND Capacitance Crxc — — 7.0 pF |1 MHz, 1 dBm, OV DC, Note 2
Built-In Gate Drive Voltage Linear Regulators
Output P-Channel Gate Drive
Voltage Referenced to Vppg Vero 2 | 46 38 V| Ven - Vepo <10V
Output P-Channel Gate Drive
Voltage Referenced to Vpp4 VeFs 2 | 46 38 Vo |Ven-Vepr <10V
Output N-Channel Gate Drive
Voltage Referenced to Viyno ViFo 3.3 42 5.2 Vo |Ver-Vino > 10V
Output N-Channel Gate Drive
Voltage Referenced to V1 VNF1 33 42 52 Vo |Vep - Vint > 10V
Output N-Channel Gate Drive
Voltage Referenced to GND Vpos 32 42 52 v
Output P-Channel Gate Drive
Voltage Referenced to GND VneG 2 | 45 | 38 v
Dropout Voltage of (Vppg-Vgn) | Voopro | -29 | -26 | -24 v
DI"OpOUt VoItage of (Vpp1 - VGN) VDOPF1 -2.9 -2.6 2.4 V
Dropout Voltage of (VGP - VNNO) VDONFO 3.0 3.3 3.6 \Y
Dropout Voltage of (VGP - VNN'I) VDONF1 3.0 3.3 3.6 Vv
DI"OpOUt VoItage of (VNEG - VGN) VDONEG 2.9 3.3 3.5 Vv
Dropout Voltage of (VGP - Vpos) VDOPOS -2.8 -2.6 2.4 \Y
Logic & Clock Input Characteristics
Input Logic Low Voltage Vi 0 — 10.2V| L \Y,
Input Logic High Voltage ViH 08V | — VL \Y,
Input Logic Low Current I -1.0 — — MA | Note 1
Input Logic High Current Iy — — 1.0 MA | Note 1
Input Capacitance Cin — 20 3.0 pF | Note 2
o .

OEN Switching On Time — | 200 | — | ps [20% OENrisetoTXready,

; Note 2

OEN

. ) 50% OEN fall to TX all output
OEN Switching Off Time T 20 o NS | FETs on HV rails are off, Note 1
Thermal protection OTPy & UVLO
OTPy Output Max. Pull-Up VoH — — 5.25 \
— — 0.1 V |at 100 pA
OTPy Output Low Max. Voltage VoL
— — 04 V |at4.0mA

OTPy Output High Current loFF — — 15 MA | 25°C, at 5.25V pull-up, Note 1

Note 1:
2: Design guidance only.

Characterized only; not 100% tested in production.
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HV7321

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical specifications: V|_|_ =+2.5V, VDD =+5.0V, VPP0,1 =+80V, VNN0,1,2 =-80V, VGP =+10V, VGN =-10V,
Vsug = 0V, PWS = OEN = REN =1, Ty = 25°C, unless otherwise specified. Parameters in Bold apply over the

operating temperature range of Tp = Ty = 0 to +85°C.

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Thermal Shutdown Trip Point T1rRIP 125 138 160 °C OTPy = LO when thermal shut-
Thermal Shutdown Hysteresis Thvs — 38 — °C |down occurs, Note 1
Vpp OK On Voltage Vpopuvon | 3.45 3.7 4.05
Vpp UVLO Trip Voltage Vopuvorr | 3.05 3.4 3.85 V| Note 1
V| L OK On Voltage V| LUVON 1.59 1.7 1.81
V. UVLO Trip Voltage ViLuvore | 1.39 1.6 1.71
TX Output HD2 & Timing Characteristics
Second Harmonic Distortion HD2 — -44 -40 dB
Output Rise Time from 0V to Vppg tr — 10 12
Output Fall Time from 0V to Vyno tr1 — 10 12 Vppo/Vno = 270V launched in
—— 100 ps apart, with load of

Output Rise Time from Vyng t0 Vppg tro — 17 19 ns | 220 pF//1k (Second Harmonic
Output Fall Time from Vppg to Vyng teo — 17 19 Distortion).
Output Rise Time from Vg to OV ts — 10 13.5 HD2, single-cycle inverting
Output Fall Time from Vppg 0 OV | t3 — 10 | 135 f’q‘gtgﬂHz
Propagation Delay Rise Time 1 tdr — 16 18
Propagation Delay Fall Time 1 taf4 — 16 18 All these tr,tf,td values, at
Propagation Delay Rise Time 2 tar2 — 17.5 19 ns \'\ilzlig,y/VNNOA = £70V, 220 pF//1k
Propagation Delay Fall Time 2 taro — 17.5 19
Propagation Delay Rise Time 3 tars — 14 16
Propagation Delay Fall Time 3 taf3 — 14 16
Output Rise Time from 0V to 4 . 15 17
Vep1
Output Fall Time from 0V to te . 15 17
VNN1
Sutput Rise Time from VN1 to s . 24 97

PP1 ns
S:Lp:ut Fall Time from Vpp4 to tes . 24 97
Output Rise Time from Vy; All these tr,tf,td_values at
oV te — 10 13 Vppo,1/Vno,1 = £70V, 220 pF//1k

Note 1

Output Fall Time from Vpp4 to OV ttg — 10 13
Propagation Delay Rise Time 4 tara — 15 17
Propagation Delay Fall Time 4 tafa — 15 17
Propagation Delay Rise Time 5 tars — 16 18 ns
Propagation Delay Fall Time 5 tafs — 16 18
Propagation Delay Rise Time 6 tare — 15 17
Propagation Delay Fall Time 6 tare — 15 17
gzlf };T_'me Matching with Atys — 1.5 2.0 ns | P to N, ch.-to-ch. matching in IC,
Delay Time Matching with Ao, s | a0 | e g’z‘:’d ?F\,?ﬁ’ﬁf’f\,/gt“é“?“vz = £70V,

SEL=H

Note 1:
2: Design guidance only.

Characterized only; not 100% tested in production.

© 2016 Microchip Technology Inc.
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HV7321

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Speciﬁcations: VLL =+2.5YV, VDD =+5.0V, VPP0,1 =+80V, VNN0,1,2 =-80V, VGP =+10V, VGN =-10V,
Vgug = 0V, PWS = OEN = REN = 1, T, = 25°C, unless otherwise specified. Parameters in Bold apply over the
operating temperature range of Tp = Ty = 0 to +85°C.

Parameter Sym. Min. Typ. Max. | Unit Conditions
TRSW Switch On Delay Time ‘ 130 180 230 ns |From POS =0 & NEG =0, Note 1
TRSW Switch Off Delay Time TRSW 8 12 16 ns |FromPOS =1 or NEG = 1, Note 1
RTZSW Switch On Delay Time ¢ 130 180 240 ns |From POS =0 & NEG =0, Note 1
RTZSW Switch Off Delay Time RTZSW 1 21 31 ns |FromPOS = 1or NEG = 1, Note 1
TR'i)r;ZMP Damp Switch On Delay 3 10 15 ns |FromPOS = 10rNEG = 1, Note 1
{
RYDMP Damp Switch Off Delay O] 055 | 14 | 235 | us |FromPOS =0 &NEG =0, Note 1
_IF_’IVr:]IS =0 to 1 Mode Change e . 220 . ns | Note 2
Output Max. Frequency Range fouT — 20 — MHz | 100Q resistor load, Note 2
Re-Timing Clock Frequency foLk 10 — 220 MHz | Note 2
%(;Z!Smlng Clock Rise & Fall trotrc . 05 5.0 ns | Note 2
Set-Up Time, POS/NEG to CLK tsu 2.0 — — ns |Note 2
Hold Time, CLK to POS/NEG ty 1.0 — — ns |Note 2
Clock Time Low @) tcLk_ Lo 2.0 — 100 CLK input must be activated
Clock Time High @ toLk_Hi 20 _ 100 bgfore PO$ and NEG inputs are
ns | high. CLK input must be deacti-
Clock Recognition Time (1) tcLk_REC — 2.0 — vated after POS and NEG inputs
Clock Release Time (1) toek RLs | 150 | 330 | 500 are low.

Note 1:

TEMPERATURE CHARACTERISTICS

Characterized only; not 100% tested in production.
2: Design guidance only.

Unless otherwise indicated, all parameters apply with V|| = +2.5V, Vpp = +5.0V, Vppg 1 = +80V, V\ng 1,2 = -80V,
VGP = +1OV, VGN = -10V, VSUB = OV, OEN =REN =1

Parameters

‘Sym.‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘

Conditions

Temperature Ranges

Operating Ambient Temperature Range Toa 0 — +85 °C
Storage Temperature Range Tst | -55 — | +150 °C
Maximum Junction Temperature T, — — | +130 °C
Total Power Dissipation PD — 3.0 — w
Thermal Package Resistances (64LD 9 mm x 9 mm VQFN)
JEDEC (2S2P) 4L PCB
Junction-to-Ambient Thermal Resistance | 64 | — | 163 | — | °C/W |114.3 mm x 76.2 mm x1.6 mm
Tp=85°C
JEDEC (2S2P) 4L PCB
Junction-to-Board Thermal Resistance 0,8 — | 255 | — °C/W [114.3 mm x 76.2 mm x1.6 mm
Tp=85°C
JEDEC (2S2P) 4L PCB
Junction-to-Case Top Thermal Resistance | 0,¢ — 0.2 — °C/W _1|_14.38g10r8 X 76.2 mm x1.6 mm
A =

DS20005639A-page 10
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HV7321

TABLE 1-1: INPUT OUTPUT LOGIC TRUTH TABLE (TRANSPARENT, CLK = 0)

Logic Inputs > RTZSW
Function |OTPy & CWSW | RXDMP
Output
OEN | MODE | PWS | CLK | SEL | NEG | POS TRSW
1 1 0 1 0 0 0 0 RTZ OFF OFF ON
1 1 0 1 0 0 0 1 Vppo OFF OFF ON
1 1 0 1 0 0 1 0 Vo OFF OFF ON
Pulsed-Echo 1 1 0 1 0 0 1 1 RTZ+® ON OFF OFF
Mode (™ 1 1 0 1 0 1 0 0 RTZ OFF OFF ON
1 1 0 1 0 1 0 1 Vpp1 OFF OFF ON
1 1 0 1 0 1 1 0 VN OFF OFF ON
1 1 0 1 0 1 1 1 high Z OFF OFF ON
1 1 0 0 0 0 0 0 RTZ OFF OFF ON
1 1 0 0 0 0 0 1 Vppo OFF OFF ON
1 1 0 0 0 0 1 0 Vo OFF OFF ON
1 1 0 0 0 0 1 1 RTZ+® ON OFF OFF
CW Mode-0 @
1 1 0 0 0 1 0 0 RTZ OFF OFF ON
1 1 0 0 0 1 0 1 Vpp1 OFF OFF ON
1 1 0 0 0 1 1 0 VNt OFF OFF ON
1 1 0 0 0 1 1 1 high Z OFF OFF ON
other than 011 high Z OFF ON ON
CW Mode-1 @ | 1 1 1 X X
0 1 1 RTZ+® ON OFF OFF
Device i
Disabled X 0 X X X X X X high Z OFF OFF ON
Thermal
Protection 0 X X X X X X X high Z OFF OFF ON
Activated

Note 1: In Pulsed-Echo mode, low duty cycle must be used due to the IC power dissipation limit.
2:  When PWS =0, Vpp¢/Vyn1 output current is reduced for low-voltage CW mode-0. Vppo/Vng Output current is
unaffected when PWS = 1, as in Pulsed-Echo mode.
3: In CW MODE = 1, the CWSW is turned on to use external CW waveform at CWy, if the channel
SEL =NEG =POS = 0.
4: When SEL =0, NEG =1, POS = 1, the channel is in Receiving mode (RTZ+).

© 2016 Microchip Technology Inc. DS20005639A-page 11
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TABLE 1-2: INPUT OUTPUT LOGIC TRUTH TABLE (WITH CLK RE-TIMING, CLK > 10MHZ)

Logic Inputs ™ RTZSW
Function | OTPy & CWSW | RXDMP
Output
OEN | MODE | PWS | CLK | SEL | NEG | POS TRSW
1 1 0 1 1 0 0 0 RTZ OFF OFF ON
1 1 0 1 1 0 0 1 Vppo OFF OFF ON
1 1 0 1 1 0 1 0 VaNo OFF OFF ON
Pulsed-Echo 1 1 0 1 1 0 1 1 RTZ+®) ON OFF OFF
Mode () 1 1 0 1 1 1 0 0 RTZ OFF OFF ON
1 1 0 1 1 1 0 1 Vpp1 OFF OFF ON
1 1 0 1 1 1 1 0 VNt OFF OFF ON
1 1 0 1 1 1 1 1 high Z OFF OFF ON
1 1 0 0 1 0 0 0 RTZ OFF OFF ON
1 1 0 0 1 0 0 1 Vppo OFF OFF ON
1 1 0 0 1 0 1 0 Vano OFF OFF ON
1 1 0 0 1 0 1 1 RTZ+®) ON OFF OFF
CW Mode-0 @
1 1 0 0 1 1 0 0 RTZ OFF OFF ON
1 1 0 0 1 1 0 1 Vpp1 OFF OFF ON
1 1 0 0 1 1 1 0 VN1 OFF OFF ON
1 1 0 0 1 1 1 1 high Z OFF OFF ON
other than 011 high Z OFF ON ON
CW Mode-1 @ 1 1 1 X X
0 1 1 RTZ+# ON OFF OFF
Device .
Disabled X 0 X X X X X X high Z OFF OFF ON
Thermal
Protection 0 X X X X X X X high Z OFF OFF ON
Activated

Note 1: In Pulsed-Echo mode, low duty cycle must be used due to the IC power dissipation limit.
2:  When PWS =0, Vpp4/Vnn1 Output current is reduced for low-voltage CW mode-0. Vpp/Vyng Output current is
unaffected when PWS = 1, as in Pulsed-Echo mode.
3: InCW MODE = 1, the CWSW is turned on to use external CW waveform at CWIN, if the channel
SEL = NEG =POS =0.
4: When SEL =0, NEG = 1, POS = 1, the channel is in Receiving mode (RTZ+).

DS20005639A-page 12 © 2016 Microchip Technology Inc.



HV7321

1.1 TYPICAL TIMING DIAGRAMS

Figure 1-1 shows the timing of control inputs and RTZ,
T/R and RXDMP switches per each channel of the
HV7321.

Upon the completion of a receiving period, an RTZ
period (SEL, NEG, POS = 000) should be asserted
before transmitting again.

SEL input (
NEG input * 001j 010 * OOOj 010} 001} ’ j 101% 110} 100f 110 * 101 *
POS input tgr o> [ tyr> tan— [ g > [ lan— [ lon> S las> [t [ tip < tos > [ty

™ | S — —
output > <ty —>| [ty
o et et o ety et et = [l et ety ) et o et
FIGURE 1-1: Logic Input Timing Diagram.
PWS input _L B-Mode
SEL i CV¥—mode twe—
inpu
NEG input __O11 000 X007 X 010 X 000 101 X110 X_ 000 011
POS input Vepo
TX output RTZ+ RTZ %-ﬁ+
| = trTzSw(OFF) =~ trizswon
RTZSW switch ON OFF — ON

- |le
| =~ tRsw(OFF) TRSW(ON)

TRSW switch —
ON OFF ON
- =rtrxpMP(ON) = - tRXDMP(OFF)
RXDMP switch—OFF - ON \__ OFF
FIGURE 1-2: TX Output Timing Diagram.
MODE MODE = 1 -
Input External CW source L MODE=0
NEG Inbdt X 300 000 X
POS Input Per Ch CW

Delay in external CW source
l—

CW end +|
External CW Source VCW+ |

HV7321
Tx Output
RTZ RTZ
External CW Source  VCW-
FIGURE 1-3: Timing Diagram of HV7321 TX Output and Switches in CW Mode-1 Driven by
External CW Source.
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NOTES:
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2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note 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 2-3: Ipp1g vs. Temperature.

50
40
< 30
2
<]
S 20
10
0 ‘ ; |
0 25 50 75 100
Temperature (°C)
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FIGURE 2-6: Inn1g VS. Temperature.
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FIGURE 2-7: TX Output Waveform,
1-Cycle 5 MHz with 220 pF//1K Load.
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FIGURE 2-8: TX Output HD2, 1-Cycle
Inverting, 5 MHz with 220pF//1K Load.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin Symbol Description
1 CWno | External CW input for channel O
2 SEL1 SEL input logic pin selects transmission high-voltage rails for channel 1. If SEL = 0,
select VPPO/VNNO' If SEL = 1, select VPP1/VNN1 . See Table 1-1.
NEG input logic pin turns on/off corresponding output N-channel MOSFET for
3 NEG1
channel 1. See Table 1-1.
POS input logic pin turns on/off corresponding output P-channel MOSFET for channel 1.
4 POS1
See Table 1-1.
5 CWn1 | External CW input for channel 1
6 OEN Output enable logic input pin. When OEN = V||, the transmitter outputs are enabled.
When OEN = 0, the transmitter outputs are disabled.
7 PWS Logic input pin. When PWS = 0, the output FETs for Vpp4 and V4 are scaled down to
reduce the output current for CW Mode-0.
8 CLK Re-timing clock input pin. Connect CLK to ground for transparent mode.
9, 22,59 GND Ground
10 \ Input logic power supply pin
Enable pin for the built-in voltage regulators.See section Section 4.3 “Operation
11 REN ” .
Modes” for details.
12 SEL2 SEL input logic pin selects transmission high-voltage rails for channel 2. If SEL = 0,
select VPPONNNO' If SEL = 1, select VPP1/VNN1 . See Table 1-1.
NEG input logic pin turns on/off corresponding output N-channel MOSFET for
13 NEG2
channel 2. See Table 1-1.
POS input logic pin turns on/off corresponding output P-channel MOSFET for channel 2.
14 POS2
See Table 1-1.
15 CWn2 | External CW input for channel 2
16 SEL3 SEL input logic pin selects transmission high-voltage rails for channel 3. If SEL = 0,
select VPPO/VNNO' If SEL = 1, select VPP1/VNN1 . See Table 1-1.
NEG input logic pin turns on/off corresponding output N-channel MOSFET for
17 NEG3
channel 3. See Table 1-1.
POS input logic pin turns on/off corresponding output P-channel MOSFET for channel 3.
18 POS3
See Table 1-1.
19 CW)y3 | External CW input for channel 3
20 OTPy Temperature sensor open drain output
21,60 Vpp +5V supply
23 Vap +10V supply pin for the linear regulator
24, 25, 56, 57 Vppo Positive high-voltage supply pin. Vppg must be equal to or greater than Vpp;.
26, 55 Cero Internal linear regulator output pin. Connect 2 yF 10V capacitor to Vppg.
27,54 Cnro Internal linear regulator output pin. Connect 2 yF 10V capacitor to Vyo.

28, 29, 52, 53 VNNO Negative high-voltage supply pin. Vyno must be equal to or more negative than Vyy1 2
30, 51 VN2 Negative high-voltage supply pin. Vyn2 connects to the most negative supply rail.
31, 50 VNN1 Negative high-voltage supply pin. VN1 must be equal to or less negative than Vyyp.
32,49 CNF1 Internal linear regulator output pin. Connect 2 yF 10V capacitor to Vyn1-

33,48 CpF1 Internal linear regulator output pin. Connect 2 yF 10V capacitor to Vppy.
34, 47 Vpp4 Positive high voltage supply Vpp¢. Must be equal to or lower than Vppy.
35 TX3 Channel 3 transmitter output pin

© 2016 Microchip Technology Inc. DS20005639A-page 17
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TABLE 3-1: PIN FUNCTION TABLE (CONTINUED)

Pin Symbol Description
36 RX3 Channel 3 T/R switch output
37,44 ReND Power ground

38 RX2 Channel 2 T/R switch output

39 TX2 Channel 2 transmitter output pin

40 CNEG Internal linear regulator output pin. Connect 1 yF 10V capacitor to GND.

41 Cpos Internal linear regulator output pin. Connect 1 yF 10V capacitor to GND.

42 X1 Channel 1 transmitter output pin

43 RX1 Channel 1 T/R switch output

45 RX0 Channel 0 T/R switch output

46 TXO0 Channel 0 transmitter output pin

58 VaN -10V supply pin for the linear regulator

61 MODE | CW Mode selection pin. See section Section 4.3 “Operation Modes”.

62 SELO SEL input logic pin selects transmission high-voltage rails for channel 0. If SEL = 0,
select Vppo/Vnno- If SEL = 1, select Vpp4/VyN1- See Table 1-1.

63 NEGO NEG input logic pin turns on/off corresponding output N-channel MOSFET for
channel 0. See Table 1-1.

64 POSO POS input logic pin turns on/off corresponding output P-channel MOSFET for channel 0.
See Table 1-1.

Thermal Pad Vsus Connect to ground.
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4.0 DEVICE DESCRIPTION

41 Overview

The HV7321 is a 4-channel, 5-level ultrasound
transmitter with built-in T/R switches, output protection
diodes and clamp diodes.

The HV7321 can provide up to £2.6A and the output
voltage swing can be up to +£80V.

The HV7321 supports both Transparent and Re-Timing
mode. The re-timing clock frequency can support up
to 220 MHz. The re-timing feature helps reduce the
output jitter introduced by the driving FPGA.

4.2 Recommended Power-up
Sequence

Powering up/down in any arbitrary sequence will not
cause any damage to the device. The powering-up
sequences in Table 4-1 are only recommended in order
to minimize possible in-rush current. Figure 4-1 shows
the timing diagram of related signals.

TABLE 4-1: POWER-UP SEQUENCE

Step Power-Up Description

1 V(. ON with logic signal low

VDDv VGP and VGN ON

REN =1

Vppo,1 and Vno,1 ON

a|l W N

OEN =1 & Logic control signal active

VL input

Vo input T Voo > Voouvon
op Inpu

PGD internal Internal Vpp Power-Good Signal

Vep input
[Venl

Vep input
nnl

REN input 7

OEN input
Vcpos output (3Vv)

(Power Saving)

|
VCNEG\C}UtPUt ‘ Ready to Work
pp — VeprF

Vene= Vi <+ toen_on

FIGURE 4-1:

4.3  Operation Modes

There are five modes of operation: Device Disabled,
Output Disabled, Pulsed-Echo Mode, CW Mode-0 and
CW Mode-1.

4.3.1 DEVICE ENABLE MODE

In Device Disabled mode, the regulators are turned off
when REN is low. The regulators are ON when
REN =V . All regulators are ON except Vngg and
Vpog for power saving when REN = 1. When REN is
low, OEN = X (OEN = 1 or 0) since device is disabled.
Refer to Table 4-2.

TABLE 4-2: REN & OEN LOGIC INPUTS
REN OEN Device TX Output
0 X Disabled high Z
1 0 Enabled high Z
1 1 Enabled ON

Power-On Events and Power-Saving Time Diagram.

432 OUTPUT HIGH Z MODE

In Output Disabled mode, regulators are enabled
REN =1 and OEN = 0 (Output Enable logic input) and
output pins (TX0-3) are in high Z state. OEN =1
enables the outputs.

433 PULSED-ECHO MODE

Pulsed-Echo mode (B-mode) enables the 5-level
waveform generation. OEN =1, MODE =0, and PWS =
1 enable Pulsed-Echo mode after HV7321 powers on.
SEL/NEG/POS inputs of desired channel determine
the corresponding TX Output pulse.

© 2016 Microchip Technology Inc.
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434 CW MODE-0

CW Mode-0 enables continuous wave mode provided
solely by the HV7321. OEN = 1, MODE = 0 and
PWS = 0 activate CW Mode-0. FPGA selects Vpp4 and
Vnn1 amplitudes via SEL/NEG/POS inputs.

In theory, Vppg and Vo can be selected but this is
strongly discouraged since Vppg and Vyng usage
increases power consumption and causes excessive
heating in CW Mode-0.

435 CW MODE-1

CW Mode-1 is enabled using an external CW signal
source for continuous wave mode. OEN 1 and
MODE = 1 activate CW Mode-1. External CW signals
can connect to any of CWyo.3. In this mode, the
CW signal source also feeds the CLK input. See
Table 4-3 for details.

TABLE 4-3: MODE & PWS LOGIC INPUTS
Mode PWS State
1 X CW Mode-1
4.3.51 External CW Beamformer Option

(CW Mode-1)

The HV7321 has built-in CW switches that allow the
use of an external CW beamformer to further minimize
jitter and phase noise on CW waveforms. This mode is
called CW Mode-1.

One suggested external CW beamformer is the
MD1730, which has very low phase noise and
8-channel CW output. A pair of HV7321s can operate
with the MD1730 as an 8-channel CW waveform
generator. See Figure 4-2.

The MD1730 supports both differential and
single-ended signals using CLKP and CLKN inputs.

TABLE 4-3: MODE & PWS LOGIC INPUTS The MD1730 enables setting the CW output phase
Mode PWS State delay and frequency for channels via SPI. P!ease refer
to the MD1730 data sheet for more information.
0 0 CW Mode-0
0 1 Pulsed-Echo
+2.5V +5V +10V
CTRN[3:0] —>——— o ,\‘l"_| Vi Vep = |Vep= N
to +
;R%W 1 of 4 channles
NS Vppol l__L
MODE 1
TX FPGAI/Os N—0—
| LPVC\{E Vero
OTPy Vro
OTPy —= O 0V to -80V
DT[63:0] —»—— Vo
Vep1
\_ SELO _T_‘”ti
NEGO 0V to +80V
+2.5V +5V  +10V +1V to +8V —O EeLcodel ¥PF1 D
evel '—k'—'
_l__| l‘_\_ l__|_ T" L POSO Shift K tl y 0V to -80V
= Vi [Ver =|Vep = | Cee |Vow= ! NN l__l_
CBEO,10 Vi ! L
’ CBE} SEL3
CLKo—}H VDS CLK']\T\ CKBO N—o —| >—|£
CLK ok | =1 NEG3 —Dh ol o oy
SCKo—H| = —o0 _{>_|'—K1~ x0]
SDI SEE it POS3 :1 Arzsw e
SPI CKB1 N—O % TRSW T
SDOoO—H —o—* ; > =
CSo—H - to other! L »TRSW Ral o o |
+ 7
seivo—{ 3 e ol ) BT i
CW L— O
EN Fre. Dvdr Vor d Q\V(\:/I(')K CWino j_l RXDMP
TXRWO— & Phase I o
Delay Vo _%V\”—é'.‘i CWSW ¥ Reno o1
EEWZ Cw, y2 GND .
other CW  10f8 VCW- _%\NS—C\NgL HV7321 | TX1-3 [Oo—F+—>»
channels channels '
MD1730 cwa~7 ' RX1-31-0—~—>
4SUB SUBA
GND [DAP|Ven ‘LE|NF VCW- i next GND <LVSUB Ven
|1_ 1 Hv7321 1 |_-l-
= = CWino-s = =
-10v -1V to -8V -10v
FIGURE 4-2: HV7321 + MD1730 Integration.
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4.4 High Temperature Protection

When overtemperature is detected, OTPN =0 and all
outputs are high Z regardless of OEN and the other
logic control inputs. Table 4-4 shows the relationship
between REN, OEN inputs, OTPN output, and the
corresponding device status.

TABLE 4-4: REN, OEN, OTPy VS.
DEVICE STATUS

OTPy REN OEN Device | TX Output
0 0 X Disabled high Z
0 1 X Enabled high Z
1 0 X Disabled high Z
1 1 0 Enabled high Z
1 1 1 Enabled ON

© 2016 Microchip Technology Inc.
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NOTES:
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

64-Lead VQFN (9 x 9 x 1.0 mm) Example
® ®
PIN 1-7/ N e\
XXXXXXXXXXX HV7321K6(e3)
XXXXKXXXXXX 1642256
XXXXXXXXXXX
YYWWNNN

Legend:XX...XProduct Code or Customer-specific information

YYear code (last digit of calendar year)

YYYear code (last 2 digits of calendar year)

WWWeek code (week of January 1 is week ‘01’)

NNNAIphanumeric traceability code

-free JEDEC designator for Matte Tin (Sn)

*This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

the corporate logo.

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

© 2016 Microchip Technology Inc.
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64-Lead QFN Package Outline (K6)
9.00x9.00mm body, 1.00mm height (max), 0.50mm pitch

| D | D2 Note 1
& _ 64| (index Area
UUUUUUUTUUUUUUUUT Di2xER)
1 > <I=E
D (i
=
[ Note 1 [ = g
(Index Area e <
D2 xEf2) (= g
4 ‘ 3 i g e
= =
A
B =
= =
= =
= p=
4 ﬂﬂﬂﬂﬂﬂﬂﬂﬂiﬂuﬂ‘lﬂﬂﬂﬂﬂ
ViewB
Top View Bottom View
> N Note3
]
| — .
2\ | Af Seati | | L
ng
| A Plane ———— ———
T J T % /4

Side View

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

Notes:
1. A Pin 1 identifier must be located in the index area indicated. The Pin 1 identifier can be: a molded mark/identifier; an embedded metal marker; or
a printed indicator.
2. Depending on the method of manufacturing, a maximum of 0.15mm pullback (L1) may be present.
3. The inner tip of the lead may be either rounded or square.

bo A A A b D D e O
D . MIN | 0.80 | 0.00 0.20 0.18 | 8.85" | 6.00 | 8.85* | 6.00 0.50 0.30 | 0.00 0°
imension . . . .
(mm) NOM | 0.90 | 0.02 REF 0.25 | 9.00 | 7.70 9.00 | 7.70 BSC 0.40 - -
MAX | 1.00 | 0.05 0.30 | 9.15* | 7.807 | 9.15* | 7.80¢ 0.50 | 0.15 14°

JEDEC Registration MO-220, Variation VMMD-4, Issue K, June 2006.
* This dimension is not specified in the JEDEC drawing.

1 This dimension differs from the JEDEC drawing.

Drawings are not to scale.
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APPENDIX A: REVISION HISTORY

Revision A (October 2016)

+ Original Release of this Document.
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