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The ABLIC S-US5591 is a 32-channel programmable 3-level ultrasound transmit beamformer.
Each channel comprises high voltage 3-level pulser (3LP) and active T/R switch.

Bl Function

e 32-channel programmable 3-level ultrasound transmit beamformer.

Bl Features

<3-level pulser (3LP)>

e 0 to+/-100V output voltage

e +/-0.7A source and sink current for high-voltage pulses

e +/-0.5A source and sink active ground clamp

¢ Min 10ns pulse width with 5ns resolution at 100MHz clock

¢ Inversion and repetition control of Tx waveform data

e 0.16~40.96us common delay to all channel at 100MHz clock

e 0~10.235ps channel delay range with 5ns resolution at 100MHz clock
e Individual active Tx channel control

<Common>

e Up to 100MHz LVDS/CMOS clock (dual edge operation)

e Serial Peripheral Interface ports (LVDS or 1.8~3.3V CMOS)
¢ Automatic thermal protection with indicator

o 128Byte Waveform Memory and 64Byte control Register

¢ 314pin 13x13mm BGA package (RoHS compliant)

ABLIC Inc. 1
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H Block Diagram
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*1: Vppngur 1S POsitive high-voltage for protection and must be higher than Vi, and V.
*2: Vynawe is negative high-voltage for protection and must be lower than Vpp and V.
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32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

S-US5591 Rev.1.0 oo
H Absolute Maximum Ratings
T,=25deg unless otherwise noted
Iltem Symbol Value Unit Note
Positive high-voltage for protection VepnBUR -0.5to0 +110 \% Must be Higher than Vg and Vi
Positive high-voltage Vep -0.5to +110 \% Tx
Negative high-voltage VN -110 to +0.5 \% Tx
Negative high-voltage for protection VNNHWE -110to +0.5 \% Must be lower than Vg, and V\
Positive voltage Voo -0.5t0 +7 \Y Tx, Rx
Negative voltage Vgss -7 to +0.5 V Tx, Rx
Logic I/F voltage Vilo -0.5to +4 V FPGA I/F
Logic voltage Vi -0.5t0 +2.3 \ Logic
High-voltage outputs (x=0~31) HV X -110 to +110 \Y,
Low-voltage outputs (x=0~31) LVourx -1to1 Y,
THP (Thermal Protection) output FAULT -0.5to +7 Y,
. TRIG, CLK_RTERM, CLKP/N, EN, SPI_IF,
All logic input/output voltages TRIG etc. -0.5to +7 \Y SPI_RTERM,CSP/N. SDATAP/N, SDOUT
Operating junction temperature TJop -20 to +150 deg
Storage temperature TSTG -55 to +150 deg
VPP, VNN, VPPNBUR, VNNHWC SRyax <25 V/ms
slew rate

NOTE: Stresses beyond the absolute maximum ratings may cause permanent damage to the product.

ABLIC Inc.



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

Rev.1.0_oo S-US5591
B Supply Voltages and Clock Signals
Operating supply voltages
Spec
Item Symbol Unit Note
MIN TYP MAX
Positive high-voltage for protection VppnBUR \Y 0 - 100 Must be Higher than Vpp and Vyy
Positive high-voltage Vep \Y 0 - 100 Tx
Negative high-voltage Vv \% -100 - 0 Tx
Negative high-voltage for protection VnHwe \% -100 - 0 Must be lower than Vpp and Vyy
Positive voltage Vpp \Y 4.75 5 5.25 Tx, Rx
Negative voltage Vgg \Y -5.25 -5 -4.75 Tx, Rx
LOGIC I/F Voltage Vio \ 1.71 1.8~3.3 3.465 IFPGA /F
Logic voltage Vi \% 1.71 1.8 1.89 Logic
Clock signal
Spec
ltem Symbol Unit Note
MIN TYP MAX
Differential clock
Clock (CLKP/CLKN) Fo MHz - 100 - Selectable LVDS or LVCMOS

ABLIC Inc.




32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
S-US5591 Rev.1.0 oo

B Power Sequence

€ VPPNBUR is connected to VPP and VNNHW(C is connected to VNN.

<Power-Up Sequence>

1. Power on the V|, first, and then power on other Low voltage supplies (V| 0, Voo, Vss)-
If power on V|| at the same time as other low voltage supplies, power-up of V|| must not be delayed
by more than 1 msec from power-up of Vp.

2. Then, Vpp (Vppngur) €an be set from OV to +100V and Vyy (Vanswe) €an be set from 0V to -100V

<Power-Down Sequence>
1. First, power-down Vpp (Vppngur) @Nd Vi (Vnawe)-
2. Then, power-down low voltage supplies (V| 10, Vi Vops Vss)-

€4 VPPNBUR is separately from VPP and VNNHWC is separately from VNN

<Power-up sequence>
1. First, Vppngur IS Set to 2 max Vpp to use, and Vyyqwe is set to < min Vy, to use.
If +80V and -80V are used for max Vpp and min Vyy, Vepnsur @Nd Vynawe should be >=+80V and
<=-80V, respectively. For example, you can use fixed +100V for Vppygyr, @and fixed -100V for Vyyuwe.
2. Power on the V|, first, and then power on other Low voltage supplies (V| 10, Vb, Vss)-
If power on V| at the same time as other low voltage supplies, power-up of V| must not be delayed
by more than 1 msec from power-up of Vpp,.
3. Then, Vpp (Vepnsur) €aN be set from OV to +100V and Vyy (Vynswe) €an be set from 0V to -100V

<Power-down sequence>

1. First, power-down Vpp and V.

2. Next, power-down Low voltage supplies (V0. Vii, Voo, Vss)-
3. Then, power-down Vpppgur @and Vynawe-

6 ABLIC Inc.



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-US5591

H LVDS I/F Inputs

CLKP/CLKN,CSP/CSN,SCLKP/SCLKN,SDATAP/SDATAN

Spec
Item Symbol Unit Note
MIN TYP MAX

High-level input voltage Vin \Y 1.265 - - V iiemr(TYP)+Vpiee(Min)/2
Low-level input voltage Vi \ - - 1135 Viuemr(TYP)-Vpiee(Min)/2
Differential input voltage range VoirF(range) Vv 0.13 0.35 0.49 same as voltage swing
Differential input voltage p-p swing VoirE(p-p) Voo 0.26 0.7 0.98 E;T;;eentsi::irr])geak-to-peak absolute
Input voltage common range ViHevr \ 0.84 1.2 1.56
Differential input impedance Rin Q 60 100 140
High-level input current [ mA - - 8.17
Low-level input current I mA - - 8.17
Input rise/fall time t,t ps - - 600 20% to 80% of Ve
Input clock frequency fok MHz - - 100 CLKP/CLKN
Clock duty cycle Deik % 45 50 55 foik=1/Teok Dok=HTCLK/T «

Note:
Internal or external 100Q should be connected between differential LVDS inputs of clock and SPI inputs.

ABLIC Inc. 7



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

S-US5591

Rev.1.0 oo

Hl CMOS I/F Inputs and Outputs

CLKP/CLKN,CSP/CSN,SCLKP/SCLKN,SDATAP/SDATAN ()

TRIG,EN,SPI_IF,CLK_RTERM,SPI_RTERM,SDOUT

Spec
Item Symbol Unit Note
MIN TYP MAX

High-level logic input voltage ViH \Y 0.8 x Viuo - ViLo
Low-level logic input voltage ' Y 0 - 0.2 X Viuo
Logic input capacitance Cn pF - 5 -
Logic input high current liH pA -10 - 10
Logic input low current (') he pA -10 - 10
Pull-up/Pull-down Resister Rey pp kQ - 50 -
Input rise/fall time t,t ns - - 2 10~90% of signal
TRIG fall to clock rise setup time tsu_TRFtockRr ns 1.5 - -
TRIG fall to clock rise hold time tHip TRFtocKR ns 1.5 - -
TRIG width tw TrRIG ns 3Tek - -
High-level logic output voltage Vou \ 0.8 x VLo - Viuo SDOUT @2.5kQ load
Low-level logic output voltage VoL \Y 0 - 0.2x Vo [SDOUT @2.5kQ load
Logic output off leak current IOFFLEAK pA -10 - 10 SDOUT Hi-Z output

NOTE:

*1) EN,SPI_IF,CLK_RTERM and SPI_RTERM has 36pA leakage at V| ,o=1.8V due to 50kQ internal pull-up resistor.
*2) Differential CMOS or Single-ended CMOS is also available for CLKP/N,CSP/N,SCLKP/N and SDATAP/N.
When using CMOS inputs, termination resistor must be disabled.
In case of single-ended CMOS, N-terminals (CLKN,CSPN,SCLKN,SDATAN) need to be connected to half of V|5 (V| ,0/2).
If SPI_IF is set to “Hi”, half of V| o (V,,0/2) are internally connected to N-terminals of SPI pins (CSPN,SCLKN and SDATAN).
In this case, differential CMOS is not available for SPI pins.

ABLIC Inc.



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-US5591

H Open Drain I/F Output

Spec
Item Symbol Unit Note
MIN TYP MAX
Pull-up voltage VeurauLT \Y - - VLLIO Connected to VLLIO with R1
Output low voltage VoLrauLt \Y - - 0.5 Active, V| ,0=1.8V, R1=2.5kQ
Output current leauLt mA - 0.7 - Viuo=1.8V, R1=2.5kQ
Off leak current lorrLEAK pA -10 - 10 disabled (Hi-Z)

ABLIC Inc. 9



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

S-US5591 Rev.1.0_oo
M SPI I/F
SPI I/F spec
Spec
Iltem Symbol Unit Note
MIN | TYP [ MAX
rggaleﬁlgfk (SCLK) \F/{Ver:: fsoik MHz _ : 1;00 Serial clock period Tgcx=1/fscik

CS setup time tsu cs ns 2.5 - - CS to SCLK

CS hold time tio cs 25 - -

CS interval time tnT cs ns 10 - -

CS (Hi) to TRIG rise interval time |ty cs R | NS 20 - - Overlap of CS “Hi” and TRIG “Hi” is prohibited.
us 10.42 - - Data Write to Memory with SDATAO (Data=1+128+1 Bytes)

S(% VS;’EQ fg)E'TW”te time) us | 5.30 - - Data Write to Tx All Register (Data=1+64+1 Bytes)

s us | 0.82 | - ~ | Data Write to TX #0~7 Register (Data=1+8+1 Bytes)

Tsck=10ns (fsc =100MHz) pus | 0.82 - - Data Write to TX #8~15 Register (Data=1+8+1 Bytes)
us 2.10 - - Data Write to Tx #16~39 or #40~63 Register (Data=1+24+1 Bytes)

¢ us 20.84 - - Data Read from Memory (Data=128Bytes)
W.es us 10.6 - - Data Read from Tx All Register (Data=64Bytes)

CS width (SDI Read time) us | 1.64 - - Data Read from TX #0~7 Register (Data=8Bytes)

=(16+8"Data+2)*Tg¢ «
us 1.64 - - Data Read from TX #8~15 Register (Data=8Bytes)

Tsck=20ns (fsc «=50MH2) us | 4.20 - - Data Read from Tx #16~39 or #40~63 Register (Data=24Bytes)
us 0.68 - - Data Read from CRCy and CAL_CRCy(x=0~3) (Data=2Bytes)
us 0.52 - - Data Read from Error Register (Data=1Byte)

SDATA setup time tsu_spata ns 2.5 - - SDATA to SCLK

SDATA hold time thio spata | NS 25 - - SDATA to SCLK

SDOUT propagation delay to_spout ns 7 11 19

10 ABLIC Inc.
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H Typical Application Circuit

+5 to +100V to +100V 0 to -100V -5 to -100V
Co~C7
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x2 x2 L . '£2|8~¢331
L x4 4 = x4
R1Z & A & a| 7% S 2 7-]/; s g &
> > G > = > >
VLLIO viL VDD GND vss ﬁﬁil&fé;ﬂ’; Floating Voltage Regulators ‘
HGND 2 l l l
6
¢ FAULT G« FaultReport e
THPCTL{4:0] o 7=
O -
—_— -2 O <CHT>1
<CHO>} | |
TRIG & i
o 1
CLK_RTERM g) \
qu Clock smemm TREW imencmimin X
O —={ Control +10kQY50kG _LYOUTx!
3 KO0} : 100kQHI-Z il
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Note:

C0~C19:

Ceramic capacitors of 2200V 0.1uF~1uF
C20~C27:

Ceramic capacitors of 216V 10uF
C28~C35:

Ceramic capacitors of 216V 0.1uF
C36~C47:

Ceramic capacitors of 216V 0.1uF~1uF
R1: 2.5kohm

VFP pins(C2,C18,T1,T19) do not have to
connect each other.

VFN pins(B1,B19,S2,518) do not have to
connect each other.

1. High-voltage power supply pins, Vpp/Vy\, can draw fast transient currents up to =0.7A. Therefore, ceramic capacitors of 2200V
0.1uF to 1pF (C0~C19) should be connected as close to the pins as possible for bypassing purpose.

2. Ceramic capacitors of 216V 10uF (C20~C27), 216V 0.1uF (C28~C35), and 216V 0.1uF to 1uF (C36~C47) should also be connected between
high-voltage power supply pins and corresponding floating voltage pins Vgp/Vey, and low-voltage power supply pins for bypassing purpose.
Connect those as close to the pins as possible.

(20N ¢) IF V)

. Itis also important to minimize the trace length and to have enough trace width of those high voltage and floating voltage lines.
. Vppngur iS positive high-voltage for protection and must be higher than VPP and VNN.
. Vannwe is negative high-voltage for protection and must be lower than VPP and VNN.
. External 100Q should be connected between differential LVDS inputs of SPI and Clock when internal termination resisters are disabled.

00 Q' | 'ASY

1659SN-S
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32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
S-US5591 Rev.1.0 oo

B Power Supply Current (1)

Vi 10=1.8V, VLL=1.8V, Vp/Vss=+/-5V, Ta=25deg, probe load=80pF unless otherwise specified.

Spec
Item Symbol Unit Note
MIN TYP MAX

VLo Current (SPI_IF=H) - 0.2 - IC disabled

IviLioap mA
VLo Current (SPI_IF=L) - 0.2 - EN=H
V.. Current IviLap mA - 0.2 - \VPP/VNN=+/-100V
Vpop Current (SPI_IF=H) - 10 -

lvbpap mA
Voo Current (SPI_IF=L) - 3 -
Vss Current |VSSQD mA - 0.3 -
Vpp Current IVPPQD mA - 0.1 -
VNN Current I\/NNQD mA - 0.1 -
VLo Current (SPI_IF=H) - 0.2 - Rx operation-1

— IviLiorxt mA
V1o Current (SPI_IF=L) - 0.2 - EN=L
/.. Current IVLLRX1 mA - 1 - all channel active
Vop Current (SPI_IF=H) | A - 12 - (Rx mode after burst)
m -

Voo Current (SPI_IF=L) VEPRXT R 6 R VPP/VNN=+/-40V
Vss Current lvssrx1 mA - 0.5 -
VPP Current IVPPRX1 mA - 0.3 -
VNN Current |VNNRX1 mA - 0.3 -

12 ABLIC Inc.



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

Rev.1.0_oo S-US5591
B Power Supply Current (2)
ViLo=1.8V, V| =1.8V, Vp/Vgs=1/-5V, Ta=25deg, probe load=80pF unless otherwise specified.
Spec
Item Symbol Unit Note
MIN TYP MAX
V110 Current (SPI_IF=H) - 0.2 - Tx PW operation
IviLLIoRX2 mA
VLLIO Current (SP|_|F=L) - 0.2 - EN=L
V.. Current lvLLRx2 mA - 40 - all channel active
\Vpp Current (SPI_IF=H) | A - 15 - PRT=200us
m

Voo Current (SPI_IF=L) VEDRX2 R 9 ] 5MHz BIP 2cycle

VPP/VNN=+/-40V
Vss Current lvssrx2 mA - 1 - Probe load : 80pF
Vpp Current |\/ppr2 mA - 3 -
\Vnn Current IvNNRX2 mA - 3 -
VLo Current (SPI_IF=H) - 0.2 - TX (CW) operation-1

IviLiopw1 mA
VLLIO Current (SP|_|F=L) - 0.2 - EN=L
V,, Current i pwa mA - 100 . all channel active
Voo Current (SPI_IF=H) | A - 64 - VPP/VNN=+/-5VV
m .

Voo Current (SPI_IF=L) VDDPW1 _ 56 j 5MHz BIP continuous wave

Probe load : 80pF
Vs Current lysspwi mA - 25 -
Vpp Current lvpppw1 mA - 320 -
Vyn Current hnnewi mA - 320 -

ABLIC Inc. 13




32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
S-US5591 Rev.1.0 oo

Bl 3LP+TRSW Electrical Characteristics

ViLo=1.8V, V| =1.8V, Vpp/Vgs=+/-5V, Vpp/V\\=1/-40V, Ta=25deg, probe load=80pF unless otherwise specified.

Spec
ltem Symbol Unit Note
MIN TYP MAX
Output voltage HVour \Y -100 - 100
P-side drive on-resistance RonP Q - 30 - @ids=100mA
N-side drive on-resistance RonN Q - 30 - |@ids=100mA
P-side clamp on-resistance RonPCL Q - 25 - |@ids=100mA
N-side clamp on-resistance RonNCL Q - 25 - |@ids=100mA
P-side output drive current IprvP A - 0.7 - |@VDS=14OV
N-side output drive current IbrRVN A - 0.7 - |@VDS=140V
P-side GND clamp current IclampP A - 0.5 - |@VDS=100V
N-side GND clamp current IclampN A - 0.5 - @VDS=100V
Rise time Tr ns - 13 - BIP 5MHz 2cycle burst,
fall time Tf ns - 13 - VPP/VNN=+/-40V 80pF
3LP driver propagation delay (rise) Tpdr ns - 24 - BIP 5MHz 2cycle burst,
3LP driver propagation delay (fall) Tpdf ns - 24 - \VPP/VNN=+/-40V 80pF
Pulse cancellation HDPC dBe . 40 . BIP SMHz 2cycle burst,
HDPC2 dBc - -40 - \VPP/VNN=+/-40V 80pF
ASW On resistance Raswon Q - 250 - @IF=0.1mA
TRSW On resistance RTRSWON Q - 28 -
Capacitance @ TRSW On Con pF - 5 - include LNA Cin
Capacitance @ TRSW Off Coff pF - 62 -
Turn on time Ttron ns - 400 -
Turn off time Ttroff ns - 100 -

14 ABLIC Inc.



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-US5591

H Digital Controlled Tx Pulse Width & Delay

Clock (CLKP/CLKN) frequency is 100MHz (T, « = 10ns) unless otherwise specified.

Spec
Item Symbol Unit Note
MIN TYP MAX

5 - - CKDIV[1:0]=00 Np,=1

Tx delay time resolution (ch-to-ch) ) ns 10 - - CKDIV[1:0]=01 Np,=2

=Npy X Te/2 15 - - CKDIV[1:0]=10 Np=3

20 - - CKDIV[1:0]=11 Np,=4

0.16 - 40.96 CKDIV[1:0]=00 Np,=1

Common delay time 0.32 - 81.92 CKDIV[1:0]=01 Np,=2
=16 x Ny X (BASE-DL +1) x T« - Hs

BASE-DL =0 to 255 0.48 - 122.88 CKDIV[1:0]=10 Npy=3

0.64 - 163.84 CKDIV[1:0]=11 Npy=4

0 - 10.235 CKDIV[1:0]=00 Np,=1

Tx channel delay range 0 - 20.47 CKDIV[1:0]=01 Np,=2
= CHx-DL x Npy x T¢ /2 - us

CHx-DL = 0 to 2047 0 - 30.705 CKDIV[1:0]=10 Np,=3

0 - 40.94 CKDIV[1:0]=11 Np,=4

Pulse width with 1Byte memory 10 - 325 CKDIV[1:0]=00 Np=1

= Npw X Teik/2 X (WIDTHx+2) 20 - 650 CKDIV[1:0]=01 Npy=2
- ns

WIDTHx =0 to 63 30 - 975 CKDIV[1:0]=10 Np,=3

x(=0—-127) is memory number 40 - 1300 CKDIV[1:0]=11 Np,=4

5 - - CKDIV[1:0]=00 Np,=1

Pulse width resolution 10 - - CKDIV[1:0]=01 Npy=2
= Now X T2 ; ns

oivX Tewk 15 - - CKDIV[1:0]=10 Np,=3

20 - - CKDIV[1:0]=11 Np,=4

ABLIC Inc. 15



32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

S-US5591

Rev.1.0 oo

Hl THP Function

16

Spec
Item Symbol Unit Note
MIN TYP MAX

110 THPCTL[1:0]=00

130 THPCTL[1:0]=01
THP temperature threshold Trhp deg

150 THPCTL[1:0]=10

disabled THPCTL[1:0]=11
THP reset hysteresis Thyst deg 10
ABLIC Inc.
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32-CHANNEL PROGRAMMABLE
3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

S-US5591

Bl Memory and Control Registers

Spec
Item Symbol Unit Note
MIN TYP MAX
1-byte = 1-state = 1-level (+HV/-HV/GND/Hi-Z/Rx)
TxWFM Byte 128 + 1-width (10~310ns)

; Common :8 Byte

Tx control register Byte 64 Channel :56 Byte
ABLIC Inc. 17
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B Example of Tx Operating Sequence

Write to Tx Memory

& Rx Reg. Write to Write to Write to
EN I : . Tx Reg. Tx Reg. ‘Tx Reg.
TRIG i ' 3 3 3 n‘E;eset Tx Delay0 3 n Preg(—;t Tx Delay1 i 3 l I Preset Tx Delay2 n Eresgt Tx Delay2
A IR | ReaWite | | ;
- y N\ e\ i , | ' ' ! ; ' | !
| Standby|standoy | standby L ! | standby 1 | i standby | ! | !
SPI Standby | ] Write Jstandby] write Standby | write. Standby Write Standby

Burst (CW)

XBurstX GND ‘ )j(

3LP ( Hi—ZX ‘ | GND‘

X ; GND XBurstX GND

X Burst X GND )

5 TRSW ( Off X o;j1 XOﬁ X On: Xorr X :On XOﬁX On
r L | ol i o | |
0O : b ‘ : : : : :
a
: HVour(x)

x=0~31

LVour (X)
x=0~31

X Offx On )
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H SPI : Write Mode Examples

Write to Tx Memory

00 Q' | 'ASY

&A Rx Reg' Write to Write to Write to
EN I E , TxReg. Tx Reg. ITx Reg.
CS L1 | 1
TRIG . i i i I'I‘_P,('eset Tx Delay0 1 n Preset Tx Delay1 H H n Preset Tx Delay2 n Preset Tx Delay2
Rx & Write

- X

: i standby :

. standby"

SPI Standby | | Write Jtandby Write Standby Write. Standby Write Standby

3LP ( Hi-Z :X I GNDI | XBurst X (I3ND . X Burst (CW) X EGND XBurst:X GND XBurstX GND )

TRSW { o X Or;1 ;XOff;X;On: iXOff X :On XOffX On IXOff:)( On )

: Writing to Memory (Waveform data) SPI-IF O—> . ——| WFM (128Byte)
SPI-RTERM O—> o
CSPINO4>| © ~"|Register (64Byte)

: Writing to Registers (Tx control parameter) SCLKPIN 04> = D

o

sDATAPINO->| 2 | [cRco(1Byte)
# |«—] CAL_CRCO(1Byte)
SDOUT O€«— ERROR[7:0](1Byte)
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Hl SPI : Control Headers

v' Each SDATA comprises a series of 1-byte Control Header, WFM or Ctrl Reg. codes, and 1-byte CRC code.

v When CS=1 and the Control Header is set to either one of Write modes, the rest of SDATA is loaded in accordance with the operation mode.

B SDATA component

1-byte Control Header
to select mode
|

WFM
or
Reg.
codes

1-byte CRC
for verification

\Z

B Table of SDATA Control Headers

< Transfer Error checking >

Please calculate the “8bit CRC” of transfer data include header data

with polynomial equation “X8+X5+X4+1” and add it as “CRC[7:0]" after transfer data.
Initial value of CRC is 0000000.

Internal logic circuit also calculate the “8bit CRC” , and writes it into CAL_CRCJ[7:0].
If CRC[7:0] and CAL_CRC[7:0] is unmatched, ERROR[0] is set to be 1 and

FAULT pin reports the error

(MDS78) D6 | b5 | p4a | D3 | D2 | D1 (L%%) Opsrationineds
0 * * * * * * * Hold previous data
1 0 0 0 0 0 0 0 Write to Waveform Memory(128Byte) and CRCO(1Byte)
1 0 0 0 0 0 0 1 Write to Control all Register(64Byte) and CRCO(1Byte)
1 0 0 0 0 0 1 0 Write to Control #0~7 Register(8Byte) and CRCO(1Byte)
1 0 0 0 0 0 1 1 Write to Control #8~15 Register(8Byte) CRCO(1Byte)
1 0 0 0 0 1 0 0 Write to Control #16~39 Register(24Byte) CRCO(1Byte)
1 0 0 0 0 1 0 1 Write to Control #40~63 Register(24Byte) CRCO(1Byte)
1 0 0 0 0 1 1 0 N/A
1 0 0 0 0 1 1 1 N/A
1 0 0 0 1 0 0 0 Read from Waveform Memory(128Byte)
1 0 0 0 1 0 0 1 Read from Control all Register(64Byte)
1 0 0 0 1 0 1 0 Read from Control #0~7 Register(8Byte)
1 0 0 0 1 0 1 1 Read from Control #8~15 Register(8Byte)
1 0 0 0 1 1 0 0 Read from Control #16~39 Register(24Byte)
1 0 0 0 1 1 0 1 Read from Control #40~63 Register(24Byte)
1 0 0 0 1 1 1 0 Read from CRCO(1Byte) & CAL_CRCO(1Byte) (for Debug)
1 0 0 0 1 1 1 1 Read from ERROR][7:0] (for Debug)
1 0 0 1 0 * * * N/A (reserved for testing)
1 0 0 1 1 * * * N/A (reserved for testing)
1 0 1 * * * * * N/A
1 1 0 * * * * * N/A
1 1 1 * * * * * N/A
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H SPI : Timing Diagram (1)

cs _ [

SPI Write case

SPI Read case

LUl olI18v

¥4

1:W CS

00 Q' | 'ASY

> ucs

' | tsu_spata thip_spata
‘ 3 > e

= *THT gk

SCLK | ] i _— l

Hi-Z < Teork
Header(=8*Tsq ) .|

1:W CS

i ucs

Cs
—‘ tsu  SPATA  tHLD _spaTA
P D = e

Header( 8*Tscik)
‘ 16* TSCLK
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H SPI : Timing Diagram (2)

€ SPI Write to Memory or Registers Operation

S 5 — |
<— Header (1Byte) —><——— Transfer data (Memory 128Byte , Register 8/8/24/62Byte)><—— CRC (1Byte) —>! |
| (operation command) ! Memory #0 ; ; Memory #127
1 j (Register #0/8/16/40) i i (Register #7/17/39/63) i CRC[7:0] ‘
D7 DO D7 DO D7 DO D7 DO D7 DOi

spaTA —OXOOOOOOOOOOOO0OO00

SCLK __I_LI_Ll_I_I_I_I_LI_I_l_Ll_LI_LI_LI_LI_LI_LI_LI_I_I_I_I_LI_I _______________________ IU‘LI‘U‘U‘U‘LI‘LI‘U‘LFU‘LI‘LI‘LI‘LI‘LI‘LI‘LI‘I_I_LI_\_

(Hi-2)

SDOUT

< CRC Conditions>

CRC initial value = 00000000

CRC Polynomial equation is X8+X5%+X4+1

In SPI “WRITE” operation, internal logic circuit also calculates the CRC, and writes it to internal Register CAL_CRC[7:0].
If CRC[7:0] and CAL_CRC]J7:0] is unmatched, FAULT pin reports the error unless fault conditions is released.

€ SPI Read from Memory or Registers Operation

CSJ A

‘«— Header (1Byte) —si«— Wait (8.5cycle) —><—Read data (Memory 128Byte , Register 8/8/24/62Byte) ——>
3 (operatlon command) ‘ ‘ 1

soaTA —EXCO00000
seLk _Mmmmuwmmw _______________________ m

! Memory #0 i ________________________ Memory #127
i (Register #0/8/16/40) ! | | (Register #7/17/39/63)
HiZ) D7 DG D7 DQDY DO
sDOUT —— ‘ OO D OXOCOOOOOOO0———

Note: In case of “READ” operation, SDATA inputs except for Header are ignored. (CRC error detection is disabled)
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H SPI : Timing Diagram (3)
€ SPI Read from CRC and CAL_CRC Register

CS . |
_I<— Header (1Byte) _><_ Wait (8.5cycle) > <_ Read data N
(operatlon command) ; (CRC (1Byte) and CAL_CRC (1Byte))

ot —EHOOCO00S _ | ;
s —JUUUUUUUUU U U UUUUU U UUUUUULUL

| | CRC | |
(Hi-2) : D7 DOD7 CAL_CRC DO:

SDOUT — ; OOCO0CO00000000——

Note:
In case of “READ” operation, SDATA inputs except for Header are ignored. (CRC error detection is disabled)

Readout CRC data is the received CRC data from FPGA in previous “WRITE” operation to Memory or Register.

€ SPI Read from Error Register

Cs_| e _

:«<— Header (1Byte) —><— Wait (8.5cycle) —>! — ERead 1d§ta
; (operanon command) ; (Error (1Byte))

SDATA —C)C)C)C)C)C)C)O
SCLK _ﬂmmmﬂﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂﬂﬂ_

' ERROR :
(Hi-2) : :D7 DO:

soour — | BoooooS——

Note: In case of Read, SDATA inputs except for Header are ignored. (CRC error detection is disabled)

00 Q' | 'ASY
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B Example of 3LP+TRSW Operation

Write to Tx Memory

. &Rx Reg. ! Write to Write to! iWrite to
EN l i i i Tx Reg. TxReg.; T Reg.
CS ' l l I I ' I l . f I. I A , . .
TRIG P ; i ! [Breset Tx Delay0 Preset Tx Delay1 ! ; n Preset Tx Delay2 I'IMETX Delay2
B E_ vl '
IC state Tx_(ex. CW) .- standby) Rx

standby istandby 1 standby P i 1 standby;

SPI Standby Write JStandby] Write Standby Write. Standby

Write Standby

Burst (ex. CW)

3LP Hi-Z:X GND XBurst X GND

GND X Burst X GND

__._><.._..

GND X Burst

S

o
(@]
=3

TRSW _ or X on Xor X on

E Tx starts with TRIG fall edge with preset delay time.

On X of X on X OffIX On

Waveform MEMORY

: : M# Item D7 | D6 D5 | D4 | D3 [ D2 [ DI [ DO
TRSW turns on except for Tx Burst period or IC-disabled. = —TeoF0 SOoETT) WOTOED)
i 1 pulse# CODE1[1:0] WIDTH1[5:0]
Generating Tx WF Pattern 2| pusefz | CODEA[T:0) WIDTH2[5:0]
CODE_[1:0] = output state (+/-HV, GND)  see Truth Table Es p“:sezﬁs ggggg?ﬂg} w:gmgs{gg}
Pulse width = 5ns * (W _[5:0]+2) (decimal, 10ns to 325ns) = se_ - -
START [6:0] = starting address of Waveform Memory to generate Tx burst pattern Register | | | | | |
Al = . R# D7 D6 D5 D4 D3 D2 D1 DO
STOP [6:0] = stopping >?ddress of Wavef:)rm Memory to generate Tx burst pattern - v SR
Repeat count(s) = 1, 1*REPEAT[7:0], 16*REPEAT[7:0], CW 1 e STOP6:0]
CW mode ends with CS =1 or TRIG = 1. 2 RLVO[1] | RLVO[0] | CKDN[1:0] [ NV | THPCTL[1:0] | MULRPT
3 REPEAT[7:0]
. 7 BASE-DL[7:0]

Generat’ng Tx Delay (326h) 5 Reserved | Resered | Reserved | Reserved | Reserved VFPADJ[2:0]
CHx delay time from TRIG fall edge = BASE-DELAY + CHx-DEL "3 Res?“’ed Res?"""d Res‘f“'ed Resf’“’e" Res‘j‘“’ed ]’FNAF’J[ZO}
BASE-DELAY(common) = 160n§*(BASE-DL[7:0]+1) = e GoDod

(decimal, 0.16“8~40M 17 CHO-DL[3:0] [ Resened | CHI-DL[10:8]
CHX-DELAY(/ch) = 5ns*(CHx-DL[10:0]) 18 | | CH1-DIL[7:0] | | |
Delav fi lution =5 (decimal, 0 ~10.235ps) 6.0 Reséwed : : : CH30-D.L[10:4] : :
elay ime resolution =ons 62 CH30-DL[3:0] | Resened | CH31-DL[10:8]
63 CH31-DL[7:0]

00 Q' |L'A9Y
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H Active/Disabled channel operation

EN
CSs
TRIG

IC state

SPI

CH-x 3LP

CG-X TRSW

CH-x 3LP

CG-X TRSW

CH-x 3LP

CG-X TRSW

CH-x 3LP

Write to Tx Memory

& Rx Reg.

Write to Write to Write to
I . Tx Reg X Reg. TxReg.
f I-I‘_;eset Tx DeIayO ‘ n Preget Tx Delay1 1 | | Preset Tx Delay2 rl Eresgt Tx Delay2
i E ; ; ‘ E ‘ Rx & erte ‘
‘ ‘ Rx & Write A [Tx (ex.CW) )(_X_X X RX Xstandbe TX X RX
‘ standby standby standby ‘ ‘ istandbyﬁ ‘ standby
Standby : Write lstandb Write Standby Write. Standby l Write Standby
TXACT[x]=0, RXACT][x]=0 (Tx & TRSW are disabled)
‘ Hi-Z ‘
‘Off
TXACT[x]=0, RXACT[):(]=1 (Tx is disabled, LI'RSWis actfve)
Hi-Z
Off X On
TXACT[x]=1, RXACT[x]—O (Tx is active, TRSWls dlsabled) o | ‘
Hi-Z X GND XBurst X GND )( Burst (ex. CW) XGND ‘ X BurstX GND X BurstX GND
off ‘
TXACT[x]=1, RXACT[x]-1 (Tx & TRSW are actlve) . o
Hi-Z X GND XBurst X GND )( Burst (ex. CW) X GND XBurstX GND XBurstX GND
Off X On On X On

CG-X TRSW

XOH);(:

=X

Off X O‘n x Off X On

g : Active channel Tx starts with TRIG faII edge with preset delay time.
Active channel TRSW turns on except for Tx Burst period or IC-disabled.

00 Q' | 'ASY
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H Operation Truth Table

IC status External singal Control Register Internal COVIS’E'[\::O] I;)grgr WG Output CH_x Logic Output (decoder output etc.) MOSFET//S\:;X/'ﬁII;gW state CHx Output state
mode SPI EN cs | TRIG Téﬁg Ré:ﬁ;’ TP |y [0] INV D[1] D[0] ng’:,[f 1 Tz(G":l[)z 1 ng’é[; ! T(>§$‘![‘«’(;] P1 N1 Pd Nd issova’ TRSW | TXOUT, | LVOUT,
C disabled |22P- 1 0 * * * none * * * 0 0 0 0 0 0 OFF OFF OFF OFF OFF OFF Hiz 10kQ
Mem. W | 1 1 * * * none * * * 0 0 0 0 0 0 OFF OFF OFF OFF OFF OFF Hiz 10kQ
R sy | Memory [ O 1 * 0 0 none * * * 0 0 0 0 0 0 OFF OFF OFF OFF OFF OFF Hiz 10kQ
WIR or 0 1 P 0 1 none * * * 0 0 0 0 0 1 OFF OFF OFF OFF OFF ON Hiz | HVOUT,
& Tx Reset | Register| 0 1 P 1 0 none * * * 0 0 0 0 1 0 OFF OFF ON ON ON OFF GND 10kQ
WIR 0 1 P 1 1 none * * * 0 0 0 0 1 1 OFF OFF ON ON ON ON GND | HVOUT,
0 0 1 0 0 none * * * 0 0 0 0 0 0 OFF OFF OFF OFF OFF OFF Hiz 10kQ
Rx & Tx 0 0 1 0 1 none * * * 0 0 0 0 0 1 OFF OFF OFF OFF OFF ON Hiz | HVOUT,
Reset | "°°P- T 0 1 1 0 none * * x 0 0 0 0 1 0 OFF | OFF ON ON ON OFF | GND | 1o0kQ
0 0 1 1 1 none * * * 0 0 0 0 1 1 OFF OFF ON ON ON ON GND [ HvOUT,
0 0 0 0 0 none * * * 0 0 0 0 0 0 OFF OFF OFF OFF OFF OFF Hiz 10kQ
R no op. 0 0 0 0 1 none * * * 0 0 0 0 0 1 OFF OFF OFF OFF OFF ON Hiz | HvVOUT,
0 0 0 1 0 none * * * 0 0 0 0 1 0 OFF OFF ON ON ON OFF GND 10kQ
0 0 0 1 1 none * * * 0 0 0 0 1 1 OFF OFF ON ON ON ON GND [ HVOUT,
0 0 0 1 * Gen. 0 0 * 1 1 0 0 1 0 OFF OFF ON ON ON OFF GND 10kQ
0 0 0 1 P Gen. 0 1 0 0 1 1 0 0 0 ON OFF OFF OFF OFF OFF +HV 10kQ
- no op. 0 0 0 1 P Gen 0 1 1 1 0 0 1 0 0 OFF ON OFF OFF OFF OFF HV 10kQ
0 0 0 1 P Gen 1 0 0 1 0 0 1 0 0 OFF ON OFF OFF OFF OFF HV 10kQ
0 0 0 1 * Gen 1 0 1 0 1 1 0 0 0 ON OFF OFF OFF OFF OFF +HV 10kQ
0 0 0 1 * Gen 1 1 * 1 1 0 0 1 0 N/A N/A
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B Tx Operation Timing Chart

Load Load Control Registers
WFM  WFM START[6:0] = n

TCLK M#n M#n+1 Pattef" end  STOP[6:0] = n+1

100MHz clock( external .
TRIG | | 28 33
N ; ; s ; ;

tw_TRiG (>3)"Tew)

BASE-DELAY (common) + CH-X DELAY(each channel)

BASE-DELAY (con1mon) 16*NDiV*(BASE DL +1) *TCLK BASE- DL(0~255) is decimal number of BASE-DL[7:0] ,
i i CH-x DELAY (each:channel) : CHx-DL* NDN To/2 , GHx-DL( O~2047) is decimal number of CHx-DL[10:0] :

BASE-DELAY (common) | CH-x DELAY/(each channel)
| s i
o : - 6"Npy"Tex (=60ns @100MHz, No,,=1)
Internal clock P P »
(200MHz) ! ; : —> < ;
G o Py - Twiot = (Wn[5: 0]"'2) Npw Tei/2 N E
enerate — : ¥ :
WG Pattern i !l GND+TRSWon E >< GND >< o ><°°[ﬁ’%;‘+>< GND +TRSW on !
(each channel) : — | : R :

+HV/-
HVourx GND JGND >< /GND >< GND

).

)Y

CH-x TRSW On E « X Off X On
i Npy(=1,2,3,4) is internal clock dividing factor with Register CKDIV[1:0]. !
! CKDIV[1:0]=00 : Np,,=1 :
! CKDIV[1:0]=01 : Np,=2
CKDIV[1:0]=10 : Np,,=3
i CKDIV[1:0]=11 : Np=4

00 Q' | 'ASY
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Bl Waveform Memory Map

Memory#| D7 D6 D5 D4 D3 D2 D1 DO

0 CODEO[1:0] WIDTHO[5:0]
1 CODE1[1:0] WIDTH1[5:0]
2 CODE2[1:0] WIDTH2[5:0]
3 CODE3[1:0] WIDTH3[5:0]

124 CODE124[1:0] WIDTH124[5:0]

125 CODE125[1:0] WIDTH125[5:0]

126 CODE126[1:0] WIDTH126[5:0]

127 CODE127[1:0] WIDTH127[5:0]

In Memory Map, each 1-byte code consists of upper 2-bit CODEXx[1:0] and lower 6-bit WIDTHXx[5:0].

[yl

Suffix “x” corresponds to 1-byte Memory number (x=0~127)

CODEX[1:0] stands for an output state of Tx burst as shown in Truth Table.

WIDTHx[5:0] expresses the pulse width (T,,,pty) Which is calculated as follows.

Twipth [NS] = Npy “Te /2 * (WIDTHX + 2)

Where, Tk is the CLKP/CLKN clock period, WIDTHx(=0~63) is decimal number of WIDTHx[5:0] and
Np(=1,2,3,4) is internal clock dividing factor with Register CKDIV[1:0].

In case of 100MHz CLK,

CKDIV[1:0]=00
CKDIV[1:0]=01
CKDIV[1:0]=10
CKDIV[1:0]=11

: Npv=1, Twioty [ns]is 10ns ~ 325ns (5ns step)

: Npw=2, Twipty [Ns] is 20ns ~ 650ns (10ns step)
: Npw=3, Twioty [ns] is 30ns ~ 975ns (15ns step)
: Npwv=4, Twioty [Ns] is 40ns ~ 1300ns (20ns step)

00 Q' |L'A9Y
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H Control Register Function Table

ltems Register type function
WFM Read Address(start) STARTI[6:0] common [ Starting address of the Waveform Memory for generating the Tx waveform pattern
WFM Read Address(stop) STOPI[6:0] common | Stop address of the Waveform Memory for generating the Tx waveform pattern
Tx clock dividing CKDIVI[1:0] common [ Internal clock dividing factor selection (00:1, 01:2, 10:3, 11:4)
TX Waveform control INV common [ Inversion control of generating Tx waveform pattern
. . THP detection control
THP detection control THPCTL1:0] | common | 5.4404eg, 01:130deg , 10:150deg, 11 :Disabled)
) Multiplying factor selection for REPEAT[7:0]
MUL-RPT | common | " 4«REPEAT[7:0], 1: 16*REPEAT[7:0])
Repeat counts control of Tx waveform pattern generation
REPEAT[7:0]1=00000000 : Pulse Wave
i Repeat counts =1
Wave Generation Repeat Control REPEAT[7:0]=00000001~ 11111110 : Repetitive Pulse Wave
REPEAT[7:0] | common Repeat counts = 1*REPEAT[7:0] @MUL-RPT=0
Repeat counts = 16*REPEAT[7:0] @MUL-RPT=1
REPEAT[7:0]1=11111111 : Continuous Wave
Tx pattern is repeated until chip disable (EN=Hi), SPI access
(CSP=Hi), next trigger (TRIG=Hi) or fault detection.
Active channel control for Tx TXACT[31:0] [ /channel |Active channel control of 3LP
Active channel control for Rx RXACT[31:0] [ /channel |Active channel control of T/R-SW
) i Tx offset delay (common to all channel) = 160ns*(BASE-DL+1)
BASE-DL[7:0] | common | g, o | (=0~255) is decimal number of BASE-DL[7-0]
TX delay control -
CHx-DL[10:0] | /channel Tx delay for channel x (x=0~31) = 5ns*CHx-DL

CHx-DL(=0~2047) is decimal number of CHx-DL[10:0]

00 Q' | 'ASY
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H Control Register Function Table (continued)

ltems Register type Function
VFP=4.5V, P1 Current=0.648A @000 / VFP=4.5V, P1 Current=0.648A @100
Tx driver P1 Current adjustment with VFPADJ[2:0] | common VFP=4.6V, P1 Current=0.684A @001 / VFP=4.4V, P1 Current=0.613A @101
VFP ' VFP=4.7V, P1 Current=0.721A @010 / VFP=4.3V, P1 Current=0.579A @110
VFP=4.8V, P1 Current=0.754A @011 / VFP=4.2V, P1 Current=0.545A @111
VEN=2.70V, N1 Current=0.673A @000 / VFN=2.70V, N1 Current=0.673A @100
Tx driver N1 Current adjustment with VFNADJ[2:0] | common VEN=2.75V, N1 Current=0.711A @001 / VFN=2.65V, N1 Current=0.635A @101
VEN ' VEN=2.80V, N1 Current=0.749A @010 / VFN=2.60V, N1 Current=0.598A @110
VEN=2.85V, N1 Current=0.788A @011 / VFN=2.55V, N1 Current=0.562A @111
Pull-down resistor at LVOUTx RLVO[1:0] common Pull-down resistor at LVOUTx (x=0~31) selection

(x=0~31)

(00:1Hi-Z , 01:10kQ , 10:50kQ, 11:100kQ)
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H Control Register Map

R# D7 D6 D5 D4 D3 D2 D1 DO
0 Reserved | START[6] | START[5] | START[4] | START[3] | START[2] | START[1] | STARTI[O]
1 Reserved STOP[6] STOP[5] STOP[4] STOP[3] STOP[2] STOP[1] STOP[0]
2 RLVOI[1] RLVOI0] CKDIV[1] | CKDIVI0] INV THPCTL[1] | THPCTL[O] | MULRPT
3 REPEAT[7] | REPEAT[6] | REPEAT[5] | REPEAT[4] | REPEAT[3] | REPEAT[2] | REPEAT[1] [ REPEAT[O]
4 BASEDL[7] | BASEDL[6] | BASEDL[5] | BASEDL[4] | BASEDL][3] | BASEDL[2] | BASEDL[1] | BASEDL[O]
5 Reserved | Reserved | Reserved | Reserved | Reserved | VFPADJ[2] | VFPADJ[1] | VFPADJ[O]
6 Reserved | Reserved | Reserved | Reserved | Reserved | VFNADJ[2] | VFNADJ[1] | VFNADJ[O]
7 Reserved | Reserved Reserved Reserved Reserved Reserved Reserved Reserved
8 RXACTO RXACT1 RXACT2 RXACT3 RXACT4 RXACT5 RXACT6 RXACT7
9 RXACTS8 RXACT9 | RXACT10 | RXACT11 | RXACT12 | RXACT13 | RXACT14 | RXACT15
10 RXACT16 | RXACT17 | RXACT18 | RXACT19 | RXACT20 | RXACT21 | RXACT22 | RXACT23
11 RXACT24 | RXACT25 | RXACT26 | RXACT27 | RXACT28 | RXACT29 [ RXACT30 | RXACT31
12 TXACTO TXACT1 TXACT2 TXACT3 TXACT4 TXACT5 TXACT6 TXACT7
13 TXACT8 TXACT9 TXACT10 | TXACT11 | TXACT12 | TXACT13 | TXACT14 | TXACT15
14 TXACT16 | TXACT17 | TXACT18 | TXACT19 | TXACT20 | TXACT21 [ TXACT22 | TXACT23
15 TXACT24 | TXACT25 | TXACT26 | TXACT27 | TXACT28 | TXACT29 | TXACT30 | TXACT31
16 Reserved | CHODL[10] | CHODL[9] | CHODL[8] | CHODL[7] | CHODL[6] | CHODL[5] | CHODL[4]
17 CHODL[3] | CHODL[2] | CHODL[1] | CHODL[O] | Reserved | CH1DL[10] | CH1DL[9] | CH1DL[8]
18 CH1DL[7] | CH1DL[6] | CH1DL[5] | CH1DL[4] | CH1DL[3] | CH1DL[2] | CH1DL[1] | CH1DL[O]
19 Reserved | CH2DL[10] | CH2DL[9] | CH2DL[8] | CH2DL[7] | CH2DL[6] | CH2DL[5] | CH2DL[4]
20 CH2DL[3] | CH2DL[2] | CH2DL[1] | CH2DL[0] | Reserved | CH3DL[10] | CH3DL[9] | CH3DL[8]
21 CH3DL[7] | CH3DL[6] | CH3DL[5] | CH3DL[4] | CH3DL[3] | CH3DL[2] | CH3DL[1] | CH3DL[0]
22 Reserved | CH4DL[10] | CH4ADL[9] | CHA4DL[8] | CH4DL[7] | CH4DL[6] | CHADL[5] | CH4DLI[4]
23 CH4DL[3] | CH4DL[2] | CH4DL[1] | CH4DL[O] | Reserved | CH5DL[10] | CH5DL[9] | CH5DL[8]
24 CH5DL[7] | CH5DL[6] | CH5DL[5] | CH5DL[4] | CH5DL[3] | CH5DL[2] | CH5DL[1] | CH5DL[0]
25 Reserved | CH6DL[10] | CH6DL[9] | CH6DL[8] | CHEDL[7] | CHeDL[6] | CH6DL[5] | CH6DL[4]
26 CHeDL[3] | CHeDL[2] | CH6DL[1] | CH6DL[0] | Reserved | CH7DL[10] | CH7DL[9] | CH7DL[8]
27 CH7DL[7] | CH7DL[6] | CH7DL[5] | CH7DL[4] | CH7DL[3] | CH7DL[2] | CH7DL[1] | CH7DL[0]
28 Reserved | CH8DL[10] | CH8DL[9] | CH8DL[8] | CH8DL[7] | CH8DL[6] | CH8DL[5] | CH8DL[4]
29 CH8DL[3] | CH8DL[2] | CHBDL[1] | CHBDL[0O] | Reserved | CHODL[10] | CHODL[9] | CHODL[8]
30 CHODL[7] | CHODL[6] | CHODL[5] | CHIDL[4] | CHODL[3] | CHODL[2] | CHODL[1] | CHODL[O]

:Re-latched parameter with TRIG rise edge
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H Control Register Map (continued)

R# D7 D6 D5 D4 D3 D2 D1 DO

31 Resened | CH10DL[10] | CH10DL[9] | CH10DL[8] | CH10DL[7] | CH10DL[6] | CH10DL[5] | CH10DL[4]
32 CH10DL[3] | CH10DL[2] | CH10DL[1] | CH10DL[0] | Reserved | CH11DL[10] | CH11DL[9] | CH11DL[8]
33 CH11DL[7] | CH11DL[6] | CH11DL[5] | CH11DL[4] | CH11DL[3] | CH11DL[2] | CH11DL[1] | CH11DL[O]
34 Resened | CH12DL[10] | CH12DL[9] | CH12DL[8] | CH12DL[7] | CH12DL[6] | CH12DL[5] | CH12DL[4]
35 CH12DL[3] | CH12DL[2] | CH12DL[1] | CH12DL[0] | Resered | CH13DL[10] | CH13DL[9] | CH13DL[8]
36 CH13DL[7] | CH13DL[6] | CH13DL[5] | CH13DL[4] | CH13DL[3] | CH13DL[2] | CH13DL[1] | CH13DL[0]
37 Reserved | CH14DL[10] | CH14DL[9] | CH14DL[8] | CH14DL[7] | CH14DL[6] | CH14DL[5] | CH14DL[4]
38 CH14DL[3] | CH14DL[2] | CH14DL[1] | CH14DL[0] | Reserved | CH15DL[10] | CH15DL[9] | CH15DL[8]
39 CH15DL[7] | CH15DL[6] | CH15DL[5] | CH15DL[4] | CH15DL[3] | CH15DL[2] | CH15DL[1] | CH15DL[0]
40 Resened | CH16DL[10] | CH16DL[9] | CH16DL[8] | CH16DL[7] | CH16DL[6] | CH16DL[5] | CH16DL[4]
41 CH16DL[3] | CH16DL[2] | CH16DL[1] | CH16DL[0] | Reserved | CH17DL[10] | CH17DL[9] | CH17DL[8]
42 CH17DL[7] | CH17DL[6] | CH17DL[5] | CH17DL[4] | CH17DL[3] | CH17DL[2] | CH17DL[1] | CH17DL[O]
43 Reserved | CH18DL[10] | CH18DL[9] | CH18DL[8] | CH18DL[7] | CH18DL[6] | CH18DL[5] | CH18DL[4]
44 CH18DL[3] | CH18DL[2] | CH18DL[1] | CH18DL[0] | Reserved | CH19DL[10] | CH19DL[9] | CH19DL[8]
45 CH19DL[7] | CH19DL[6] | CH19DL[5] | CH19DL[4] | CH19DL[3] | CH19DL[2] | CH19DL[1] | CH19DL[0]
46 Reserved | CH20DL[10] | CH20DL[9] | CH20DL[8] | CH20DL[7] | CH20DL[6] | CH20DL[5] | CH20DL[4]
47 CH20DL[3] | CH20DL[2] | CH20DL[1] | CH20DL[0] | Reserved | CH21DL[10] | CH21DL[9] | CH21DL[8]
48 CH21DL[7] | CH21DL[6] | CH21DL[5] | CH21DL[4] | CH21DL[3] | CH21DL[2] | CH21DL[1] | CH21DL[0]
49 Resened | CH22DL[10] | CH22DL[9] | CH22DL[8] | CH22DL[7] | CH22DL[6] | CH22DL[5] | CH22DL[4]
50 CH22DL[3] | CH22DL[2] | CH22DL[1] | CH22DL[0] | Resered | CH23DL[10] | CH23DL[9] | CH23DL[8]
51 CH23DL[7] | CH23DL[6] | CH23DL[5] | CH23DL[4] | CH23DL[3] | CH23DL[2] | CH23DL[1] | CH23DL[O]
52 Reserved | CH24DL[10] | CH24DL[9] | CH24DL[8] | CH24DL[7] | CH24DL[6] | CH24DL[5] | CH24DL[4]
53 CH24DL[3] | CH24DL[2] | CH24DL[1] | CH24DL[0] | Reserved | CH25DL[10] | CH25DL[9] | CH25DL[8]
54 CH25DL[7] | CH25DL[6] | CH25DL[5] | CH25DL[4] | CH25DL[3] | CH25DL[2] | CH25DL[1] | CH25DL[0]
55 Reserved | CH26DL[10] | CH26DL[9] | CH26DL[8] | CH26DL[7] | CH26DL[6] | CH26DL[5] | CH26DL[4]
56 CH26DL[3] | CH26DL[2] | CH26DL[1] | CH26DL[0] | Reserved | CH27DL[10] | CH27DL[9] | CH27DL[8]
57 CH27DL[7] | CH27DL[6] | CH27DL[5] | CH27DL[4] | CH27DL[3] | CH27DL[2] | CH27DL[1] | CH27DL[O]
58 Resened | CH28DL[10] | CH28DL[9] | CH28DL[8] | CH28DL[7] | CH28DL[6] | CH28DL[5] | CH28DL[4]
59 CH28DL[3] | CH28DL[2] | CH28DL[1] | CH28DL[0] | Resered | CH29DL[10] | CH29DL[9] | CH29DL[8]
60 CH29DL[7] | CH29DL[6] | CH29DL[5] | CH29DL[4] | CH29DL[3] | CH29DL[2] | CH29DL[1] | CH29DL[O]
61 Resered | CH30DL[10] | CH30DL[9] | CH30DL[8] | CH30DL[7] | CH30DL[6] | CH30DL[5] | CH30DL[4]
62 CH30DL[3] | CH30DL[2] | CH30DL[1] | CH30DL[0] | Reserved | CH31DL[10] | CH31DL[9] | CH31DL[8]
63 CH31DL[7] | CH31DL[6] | CH31DL[5] | CH31DL[4] | CH31DL[3] | CH31DL[2] | CH31DL[1] | CH31DL[0]
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B CRC & Error Register

€ CRC, Calculated CRC and ERROR Register MAP

Register pz | b6 | b5 | b4 | b3 | D2 | D1 | DO
CRCO CRC[7:0]
Calculated CRCO CAL CRCO0[7:0]
Error ERRORJ7:0]

€ CRC, Calculated CRC and ERROR Register function

CRC[7:0]

Transferred CRCx data in SDATA
CRC initial value = 00000000
CRC Polynomial equation is X8+X5+X4+1

CAL_CRCJ[7:0]

Calculated CRC values with transferred SDATA signal.

ERROR([7:0]

When Error has occurred, ERROR register corresponding to error type is set to be “1”.

ERRORJ7]:
ERRORI6]:
ERRORJ5]:
ERROR[4]:
ERRORJ3]:
ERROR[2]:
ERROR[1]:
ERRORI0]:

N/A

SPI transfer error (CRC un-match) has occurred in SDATA “Register #40~63 Write”
SPI transfer error (CRC un-match) has occurred in SDATA “Register #16~39 Write”
SPI transfer error (CRC un-match) has occurred in SDATA “Register #8~15 Write”
SPI transfer error (CRC un-match) has occurred in SDATA “Register #0~7 Write”
SPI transfer error (CRC un-match) has occurred in SDATA “Memory Write”
threshold over of the junction temperature set in advance

start and stop address for Tx waveform pattern generation are same.

Note:

Error[7:0] are cleared when IC is powered on, data is re-transferred normally or “EN” becomes from “high” to “low” (fall edge)

except for Error[2].

Error[2] is cleared when IC is powered on or data is re-transferred normally.
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B Pin Configuration (Table)

NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name | NO. | Pin Name
A1 |[NC C1 [HVOUTO | E1 |HVOUT2 | G1 |HVOUT4 J1 |[HVOUT6 L1 [HVOUT9 | N1 |[HVOUT11 | Q1 [HVOUT13 | S1 [HVOUT15| U1 |NC

A2 [LVOUTO C2 |VFP E2 |VNN G2 |VPP J2 |[HGND L2 [HGND N2 |[VNN Q2 |VPP S2 |[VFN U2 [LVOUT15
A3 [LVOUT2 C3 |HGND E3 |HGND G3 |[HGND J3 |HGND L3 |HGND N3 |HGND Q3 |HGND S3 [HGND U3 |LVOUT13
A4 [LVOUT4 C4 |GND - - - - - - - - - - - - S4 |GND U4 |[LVOUT11
A5 [LVOUT6 C5 |GND E5 |GND(T) G5 |GND(T) J5 |GND(T) L5 [GND(T) N5 |GND(T) Q5 |GND(T) S5 |GND U5 |[LVOUT9
A6 |VDD C6 |GND E6 |GND(T) G6 |[GND(T) J6 |GND(T) L6 |GND(T) N6 |GND(T) Q6 |GND(T) S6 |[GND U6 |VDD

A7 |VLLIO C7 |[GND E7 |GND(T) G7 |GND(T) J7 |GND(T) L7 |GND(T) N7 |GND(T) Q7 |GND(T) S7 |[GND U7 |SPI IF
A8 |VLL C8 |GND E8 |[GND(T) G8 |GND(T) J8 |GND(T) L8 [GND(T) N8 |GND(T) Q8 |GND(T) S8 |[GND U8 |CSP

A9 |TRIG C9 |[GND E9 |GND(T) G9 |[GND(T) J9 |GND(T) L9 |GND(T) N9 |GND(T) Q9 |GND(T) S9 |[GND U9 [SCLKP
A10 |CLKP C10 |GND E10 |GND(T) G10 |[GND(T) J10 [GND(T) L10 |GND(T) N10 |GND(T) Q10 |GND(T) S10 |[GND U10 |SDATAP
A11|EN C11|GND E11 [GND(T) G11|GND(T) J11 |GND(T) L11 [GND(T) N11|GND(T) Q11 |GND(T) S11 |GND U11|SDOUT
A12 |GND C12 |GND E12 |GND(T) G12 |GND(T) J12 |[GND(T) L12 |GND(T) N12|GND(T) Q12 |GND(T) S12 |[GND U12|VLL

A13 |GND C13|GND E13 |GND(T) G13 |GND(T) J13 [GND(T) L13 |GND(T) N13 |GND(T) Q13 |GND(T) S13 |[GND U13[VLLIO
A14 |VDD C14 |GND E14 [GND(T) G14 |GND(T) J14 |GND(T) L14 [GND(T) N14 |GND(T) Q14 |GND(T) S14 |[GND U14|vDD
A15|LVOUT25 | C15|GND E15 |GND(T) G15 |GND(T) J15 [GND(T) L15 |GND(T) N15|GND(T) Q15 |GND(T) S15 |GND U15|LvVOUT22
A16 [LVOUT27 | C16 |GND S16 |GND U16 [LVOUT20
A17 |LVOUT29 | C17 |[HGND E17 |HGND G17 |[HGND J17 [HGND L17 |HGND N17 |[HGND Q17 |[HGND S17 |[HGND U17|LVOUT18
A18 |LVOUT31 | C18|VFP E18 [VNN G18 VPP J18 |[HGND L18 [HGND N18 |VNN Q18 |VPP S18 |[VFN U18 [LVOUT16
A19 INC C19 [HVOUT31 | E19 | HVOUT29 | G19 | HVOUT27 | J19 |[HVOUT25| L19 | HVOUT22 | N19 | HVYOUT20 [ Q19| HVOUT18 | S19 |[HVOUT16 | U19 [NC

B1 |VFN D1 |VPP F1 [VNN_HWC| H1 |[VNN K1 |HVOUT7 | M1 |[VPP P1 |VPP_NBUH R1 |VNN T1 |VFP

B2 |HGND D2 [HVOUT1 F2 |[HYOUT3 [ H2 [HVOUT5 | K2 |[HVYOUT8 | M2 [HVOUT10 | P2 |HVOUT12 | R2 |[HVYOUT14 | T2 [HGND

B3 |LVOUT1 D3 |HGND F3 |HGND H3 |HGND K3 |HGND M3 |[HGND P3 |HGND R3 |HGND T3 |LVOUT14

B4 |[LVOUT3 D4 |NC(index) - - - - - - - - - - - - T4 |[LVOUT12

B5 |LVOUT5 - - F5 |GND(T) H5 |GND(T) K5 |GND(T) M5 |GND(T) P5 |GND(T) - - T5 |LVOUT10

B6 |LVOUT7 - - F6 |GND(T) H6 |GND(T) K6 |GND(T) M6 |GND(T) P6 |GND(T) - - T6 |LVOUTS8

B7 |VSS - - F7 |GND(T) H7 |GND(T) K7 |GND(T) M7 |GND(T) P7 |GND(T) - - T7 |VSS

B8 |GND - - F8 |GND(T) H8 |GND(T) K8 |GND(T) M8 |GND(T) P8 |GND(T) - - T8 |SPI RTERM

B9 |CLK_RTERM| - - F9 |GND(T) H9 |GND(T) K9 |GND(T) M9 |GND(T) P9 |GND(T) - - T9 |CSN

B10 |[CLKN - - F10 [GND(T) H10 |GND(T) K10 |GND(T) M10|GND(T) P10 |GND(T) - - T10 [SCLKN

B11 |[FAULT - - F11 [GND(T) H11|GND(T) K11 |GND(T) M11|GND(T) P11 |GND(T) - - T11 |SDATAN

B12 |GND - - F12 [GND(T) H12 |GND(T) K12 |GND(T) M12|GND(T) P12 |GND(T) - - T12 |GND

B13 |VSS - - F13 [GND(T) H13 |GND(T) K13 |GND(T) M13|GND(T) P13 |GND(T) - - T13 |VSS

B14 [LVOUT24 - - F14 [GND(T) H14 |GND(T) K14 |GND(T) M14 |GND(T) P14 |GND(T) - - T14 [LVOUT23

B15 [LVOUT26 - - F15 [GND(T) H15|GND(T) K15 |GND(T) M15|GND(T) P15 |GND(T) - - T15|LVOUT21

B16 [LVOUT28 - - - - - - - - - - - - - - T16 [LVOUT19

B17 [LVOUT30 | D17 |[HGND F17 [HGND H17 |[HGND K17 |[HGND M17 |[HGND P17 |[HGND R17 |HGND T17 [LVOUT17

B18 |[HGND D18 |[HVOUT30 | F18 |[HVYOUT28 | H18 [HVYOUT26 | K18 [HVOUT24 |M18|HVOUT21 | P18 |HVOUT19 | R18 |[HVOUT17 | T18 |[HGND

B19 |VFN D19 |VPP F19 [VNN_HWC| H19 [VNN K19 | HVOUT23 | M19|VPP P19 VPP_NBUR R19 |VNN T19 |[VFP

00 Q' |L'A9Y

L6SSSN-S

AIANHOH4INVIE LINSNVYL ANNOSVYLTN T3IATT-€

FT1GVINNVIOOUd TINNVHO-Z€



Ul oIngv

Ge

H Pin Configuration (Map)

TOP VIEW

A B C D E F G H J K L M N P Q R S T U
e | ven HV(SUT PP HVZ)UT . HV(4)UT VAN vaw HV?UT HV(Q)UT vep HVﬁUT _’\\‘/gsR HV1C:)3UT VNN HV1(‘)5UT we | ne
wouT | oo | e | HVOUT | e [ vouT | Loe [ HvoUT | o [HVOUT | pann | HVOUT | [ VOUT | e [ HvOUT | | penn | LvoUT
0 1 3 5 8 10 12 14 15
LVOUT | YOUT | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HaND | HenD | Hanp | HVOUT "V1°3UT
LV(zUT LV(3>UT oD (inr:gx) oD LV102UT LV1O1UT
LV%’UT '-V‘;UT GND ano(T) | eNom | enoe | eno) | eno | eno | enom | enoem | enom | enom | enom GND LV%UT LVSUT
VDD '-V?UT GND ano(T) | eNom | enoe | eno) | eno | eno | enom | enoem | enom | enom | enom GND LV(;UT VDD
vito | vss | onp GND(T) | GND(T) | GND(T) | e | e | enom | enom | enom | enom | enom | enom) GND | vss | sPLIF
viL | oo | enp GND(T) | GND(T) | GND(T) | G | e | enom | enom | enom | enom | enom | enom GND Ri;—M csP
®RG | S| ono GND(T) | GND(T) | GNDem) | e | e | enom | enom | enom | eno | enom | eno) GND | CsN | scikp
CLKP | CLKN | nD GND(T) | GND(T) | GNDe) | e | e | enom | enom | enom | eno | enoem | eno) GND | SCLKN | SDATAP
EN | FAULT | GND GND(T) | GNDm | eNpem) | enoem | eno | enom | enom | enom | eno | enom | eno) GND | SDATAN| sDoUT
onD | oD | oD GND(T) | GNDm | eNDem | enoe | eno | enom | enom | enom | eno | enom | enom eND | eND | owviL
GND | vss | eND ano(T) | eNom | o | eno) | eno | enom | enoem | enoem | enom | enom | enom GND | vss | viLo
VDD "V;UT GND ano(m) | anom) | o) | enom) | eno) | enom | enom | enom | enom | enom | enom GND LVZOSUT VDD
"VgUT LV;UT GND eND(T) | aND(m) | enpem | eNp) | enom | o | enpm | enoem | enpm | enom | enom) GND LV2°1UT "VZOZUT
vout vaosw oD oD LV%UT LVZCE)UT
"V;UT "V3%UT HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HGND | HeND | Henp | WVOUT "V%UT
LV;)1UT vono | vee HV3%UT VAN HV208UT vep HVZ%UT HOND HV;UT HOND HV201UT VAN Hv1c;UT vep HV107UT ven | heno |_v1OSUT
e | ven HV;UT vep HVZ(;UT \'/mlc_ HV207UT VAN HV205UT HV203UT HV202UT vep HVZ%UT r\\A/gLPJE vam VAN HV106UT ve | e
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Ml Pin Function

Pin Name Function Pin Name Function Pin Name Function Pin Name Function
Positive high voltage for protection (0 to +100V) Positive low voltage power supply - . Positive SPI Chip Select signal
VPP_NBUR (highest voltage in the IC power supplies) VLLIO for Logic I/F (+1.8 ~ 3.3V) CLKP Positive LVDS clock input csp (LVDS/CMOS)
" . Positive low voltage power supply . Negative SPI Chip Select signal
VPP Positive high voltage power supply (0 to +100V) VLL for Logic (+1.8V) CLKN Negative LVDS clock Input CSN (LVDS/CMOS)
e g . Positive low voltage power supply . . Positive SPI clock signal
VFP Built-in power supply for P-MOS (P1) gate drive VDD for Tx Cirauit (+5V) TRIG Tx Trigger singal (CMOS) SCLKP (LVDS/CMOS)
. . B Negative low voltage power supply Clock Termination Resister On/Off control Negative SPI clock signal
VNN negative high voltage power supply (0 to -100V) VSS for Tx Circuit (-5V) CLK RTERM (H: Off (default), L: On ) SCLKN (LVDS/CMOS)
L . - SPI Termination Resister On/Off control Positive SPI serial input data 0
VFN Built-in power supply for N-MOS (N1) gate drive GND ground for low voltage ciruit SPI_RTERM (H: Off (default), L: On ) SDATAP for Memory and Reg#0 (LVDS/CMOS)
Negative high voltage for protection (0 to -100V) . I/F selection for SPI Negative SPI serial input data 0
VNN_HWC (lowest voltage in the IC power supplies) GND(T) - |ground for Thermal heat sink SPLIF (H:CMOS(default), L:LVDS) SDATAN for Memory and Reg#0 (LVDS/CMOS)
. IC Enable/Disable control Fault output flag, Open N-MOS Drain . g
HGND |Drive power ground (0V) EN (H:Disabled (default), L:Enable) FAULT (H:Normal, L:Fault) SDOUT |SPI serial output data (tri-state)
HVOUTO |High voltage output of channel 0 HVOUT16 |High voltage output of channel 16 LVOUTO |Low voltage output of channel 0 LVOUT16 |Low voltage output of channel 16
HVOUT1 |High voltage output of channel 1 HVOUT17 |High voltage output of channel 17 LVOUT1 |Low voltage output of channel 1 LVOUT17 |Low voltage output of channel 17
HVOUT2 |High voltage output of channel 2 HVOUT18 |High voltage output of channel 18 LVOUT2 |Low voltage output of channel 2 LVOUT18 |Low voltage output of channel 18
HVOUT3 [High voltage output of channel 3 HVOUT19 |High voltage output of channel 19 LVOUT3 |Low voltage output of channel 3 LVOUT19 |Low voltage output of channel 19
HVOUT4 |High voltage output of channel 4 HVOUT20 |High voltage output of channel 20 LVOUT4 |Low voltage output of channel 4 LVOUT20 [Low voltage output of channel 20
HVOUT5 |High voltage output of channel 5 HVOUT21 |High voltage output of channel 21 LVOUT5 |Low voltage output of channel 5 LVOUT21 |Low voltage output of channel 21
HVOUT6 |High voltage output of channel 6 HVOUT22 |High voltage output of channel 22 LVOUT6 |Low voltage output of channel 6 LVOUT22 |Low voltage output of channel 22
HVOUT7 |High voltage output of channel 7 HVOUT23 |High voltage output of channel 23 LVOUT7 |Low voltage output of channel 7 LVOUT23 |Low voltage output of channel 23
HVOUT8 |High voltage output of channel 8 HVOUT24 |High voltage output of channel 24 LVOUT8 |Low voltage output of channel 8 LVOUT24 |Low voltage output of channel 24
HVOUT9 |High voltage output of channel 9 HVOUT25 |High voltage output of channel 25 LVOUT9 |Low voltage output of channel 9 LVOUT25 |Low voltage output of channel 25
HVOUT10 [High voltage output of channel 10 HVOUT26 |High voltage output of channel 26 LVOUT10 [Low voltage output of channel 10 LVOUT26 |Low voltage output of channel 26
HVOUT 11 |High voltage output of channel 11 HVOUT27 |High voltage output of channel 27 LVOUT11 |Low voltage output of channel 11 LVOUT27 |Low voltage output of channel 27
HVOUT12 |High voltage output of channel 12 HVOUT28 |High voltage output of channel 28 LVOUT12 [Low voltage output of channel 12 LVOUT28 |Low voltage output of channel 28
HVOUT13 [High voltage output of channel 13 HVOUT29 |High voltage output of channel 29 LVOUT13 [Low voltage output of channel 13 LVOUT29 [Low voltage output of channel 29
HVOUT 14 |High voltage output of channel 14 HVOUT30 |High voltage output of channel 30 LVOUT14 [Low voltage output of channel 14 LVOUT30 [Low voltage output of channel 30
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32-CHANNEL PROGRAMMABLE 3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER

Rev.1.0 oo S-US5591
B Package

Package Name Dimension Tray Marking Land Packing
BGA-314(1313)A RA314-A-P-SD RA314-A-T-SD RA314-A-M-SD RA314-A-L-SD RA314-A-K-SD

B Storage, Mounting

1. Storage conditions

1.1 The storage location should be kept at 5 to 35°C and 40 to 70% relative humidity. Keeping in a dry box is
recommended. Moisture-proof property is assured for 12 months from delivery date for sealed moisture-proof
packing, while it is guaranteed for 7 days from unpacked date under the condition above.

1.2

When the storage conditions do not conform to those above or other conditions occur indicating moisture

exposure, the ICs should be dried to avoid package cracks. A baking process at 125°C lasting for 24 hours
results in sufficient dehumidification. The baking is not allowed more than twice, and the ICs should be
mounted within 7 days after initial baking or within 10 days of total exposure after the second dehumidification.

2. Reflow soldering

The temperature rise may be different in the resin and a terminal part due to the reflow soldering.

It is necessary to check the package surface temperature (resin) before setting the temperature profile.
Figure 1 shows the resistance to soldering heat condition for package (Reflow method).

Confirm the heat resistance of the package shown below. (Based on JEDEC J-STD-020).

Temp.

25°C

150°C

Ramp up rate: 3°C/s max.

10 s max.

More than 217°C

200°C

E’reheat area: 60 to 120 s

60 to 150 s

A

A 4

Peak temperature: 260°C
More than 255°C 30 s max.

Ramp down rate: 6°C/s max.

Temperature measurement point:
resin surface temperature

Figure 1

[ Time: 8 min max. to peak ——P

ABLIC Inc.

Time

Resistance to Soldering Heat Condition for Package (Reflow Method)
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B Important Notice

38

1.

ABLIC Inc. warrants performance of its hardware products (hereinafter called “products”) to the specifications
applicable at the time of sale in accordance with the Product Specification. Testing and other quality control
techniques are utilized to the extent ABLIC Inc. needs to meet specifications described in the Product Specification.
Specific testing of all parameters of each device is not necessarily performed, except those mandated by related
laws and/or regulations.

Should any claim be made within one month of product delivery about products’ failure to meet performance
described in the Product Specification, all the products in relevant lot(s) shall be re-tested and re-delivered.
Products delivered more than one month before such claim shall not be counted for such response.

ABLIC Inc. assumes no obligation or any way of compensation should any fault about customer products and
applications using ABLIC Inc. products be found in marketplace. Only in such a case fault of ABLIC Inc. is evident
and products concerned do not meet the Product Specification, compensation shall be conducted if claimed within
one year of product delivery up to in the way of product replacement or payment of equivalent amount.

ABLIC Inc. reserves the right to make changes to the Product Specification at any time and to discontinue mass
production of the relevant products without notice. Customers are advised before placing orders to confirm that the
Product Specification of inquiry is the latest version and that the relevant product is currently on mass production
status.

In no event shall ABLIC Inc. be liable for any damage that may result from an accident or any other cause during
operation of the user’s units according to the Product Specification. ABLIC Inc. assumes no responsibility for any
intellectual property claims or any other problems that may result from applications of information, products or
circuits described in the Product Specification.

No license is granted by the Product Specification under any patents or other rights of any third party or ABLIC Inc.

The Product Specification may not be reproduced or duplicated, in any form, in whole or in part, without the
expressed written permission of ABLIC Inc.

Resale of ABLIC Inc. products with statements different from or beyond the parameters described in the Product
Specification voids all express and any implied warranties for the products, and is an unfair and deceptive business
practice. ABLIC Inc. is not responsible or liable for any such statements.

Products (technologies) described in the Product Specification are not to be provided to any party whose purpose in
their application will hinder maintenance of international peace and safety nor are they to be applied to that purpose
by their direct purchasers or any third party. When exporting those products (technologies), the necessary
procedures are to be taken in accordance with related laws and regulations.

ABLIC Inc.



32-CHANNEL PROGRAMMABLE 3-LEVEL ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-US5591

B Cautions

1.

Customers are advised to follow the cautions below to protect products from damage caused by electrical static
discharge (ESD).

-1 Material of container or any device to carry products should be free from ESD, which may be caused by

vibration while transportation. It is recommended that electric-conductive container or aluminum sheet be used
as an effective countermeasure.

.2 Those that touch products, such as work platform, machine, or measurement/test equipment, should be

grounded.

.3 Those who deal with products should be grounded through a large series impedance around 100kQ to 1MQ.
.4 Prevent friction with other materials made with high polymer.

.5 Prevent vibration or friction when carrying the printed circuit board (PCB) where products are mounted. To

short circuit terminals is a recommended countermeasure to keep the same electric potential on the PCB.

.6 Avoid dealing with or storing products in an extremely arid environment.

“Absolute maximum ratings” should never be exceeded during use regardless of any change in external conditions.
Otherwise, products may be damaged or destroyed. In no event shall ABLIC Inc. be liable for any failure in products
or any secondary damage resulting from use at a value exceeding the absolute maximum ratings.

Products may experience failures due to accident or unexpected surge voltages. Accordingly, adopt safe design
features, such as redundancy or prevention of erroneous action, to avoid extensive damage in the event of a failure.
(If a semiconductor device fails, there may be cases in which the semiconductor device, wiring or wiring pattern will
emit smoke or cause a fire or in which the semiconductor device will burst.)

Products may experience failures or malfunction in poor surroundings, such as electrical leakage in products due to
long-term use in high humidity, malfunctioning or permanent damage due to chemical reaction of products in
corrosive environment or due to discharge by strongly charged object near products or due to excessive mechanical
shock. To use products in radiation environment is not assumed. To use products near material easy to ignite may
cause a fire due to its flammable package. Avoid using products in such environment or take appropriate
countermeasures depending on the environment.

Products are not designed, manufactured, or warranted to be suitable for use where extremely high reliability is
required (such as use in nuclear power control, aerospace and aviation, traffic equipment, life-support-related
medical equipment, fuel control equipment and various kinds of safety equipment). Inclusion of products in such
application shall be fully at the risk of customers. ABLIC Inc. assumes no liability for applications assistance,
customer product design, or performance.

ABLIC Inc. 39
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No. RA314-A-P-SD-1.0

TITLE | BGA314-A-PKG Dimensions

No. RA314-A-P-SD-1.0
ANGLE | @7
UNIT | mm

ABLIC Inc.
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No. RA314-A-T-SD-1.0

TITLE BGA314-A-Tray
No. RA314-A-T-SD-1.0
ANGLE QTY. 119
UNIT mm
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(1)

(2)

3)

(4)]|(®){|(B)[|(7)||(8)

(A)

(9)

(10)

N2 [1(13)[(14)[](15)

(16)[{(17)[1(18)[[(19)[](20)

(21)[1(22)[](23)]](24)[](25)

(1) to (10)

(11, (12)

(16) to (25) :

(13)
(14)

(15)

(A)

: Product code

: Quality control code
. Year of assembly

: Month of assembly

: Week of assembly

Quality control code

: 1-pin mark

No. RA314-A-M-SD-1.0

TITLE

BGA314-A-Markings

No.

RA314-A-M-SD-1.0

ANGLE

UNIT

| TYPE | LASER

ABLIC Inc.
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No. RA314-A-L-SD-1.0

BGA314-A

Land Recommendation
RA314-A-L-SD-1.0

mm

TITLE

No.
ANGLE

UNIT

ABLIC Inc.




/— Max. 119 ICs/Tray

— -

/ Empty tray on the top
= /}\ 1 Tray = Max. 119 ICs/Box

!

IC Index

Tray Index™ M.

~ =~

‘ .
Humidity Indicator Card - ~_ P-P Bands
Solid Desiccant — +—— Label
— Dry Pack
J—
K L Air cushion
Box

(Cardboard Paper)

Label
BGA314-A
TITLE -Packing Procedure
No. RA314-A-K-SD-1.0
ANGLE
UNIT
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Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and
application circuit examples, etc.) is current as of publishing date of this document and is subject to change without
notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success of
any specific mass-production design.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the reasons other than the products
described herein (hereinafter "the products") or infringement of third-party intellectual property right and any other
right due to the use of the information described herein.

3. ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the incorrect information described
herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by failures and / or accidents, etc. due to
the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country where they
are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-related
laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. ABLIC Inc. is not liable for any losses, damages, claims or demands
caused by any provision or export to the person or entity who intends to develop, manufacture, use or store nuclear,
biological or chemical weapons or missiles, or use any other military purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body, human
life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion control
systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment, aviation equipment,
aerospace equipment, and nuclear-related equipment), excluding when specified for in-vehicle use or other uses by
ABLIC, Inc. Do not apply the products to the above listed devices and equipments.

ABLIC Inc. is not liable for any losses, damages, claims or demands caused by unauthorized or unspecified use of
the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products should
therefore take responsibility to give thorough consideration to safety design including redundancy, fire spread
prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and social
damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the products are
allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and heavy
metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be sharp. Be
careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are used.

13. The information described herein contains copyright information and know-how of ABLIC Inc. The information
described herein does not convey any license under any intellectual property rights or any other rights belonging to
ABLIC Inc. or a third party. Reproduction or copying of the information from this document or any part of this
document described herein for the purpose of disclosing it to a third-party is strictly prohibited without the express
permission of ABLIC Inc.

14. For more details on the information described herein or any other questions, please contact ABLIC Inc.'s sales
representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any translations into
the English language and the Chinese language, shall be controlling.

2.4-2019.07
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