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S-UM5588 is a Octal programmable 5-level high-voltage ultrasound transmit beam-former.
The S-UM5588 comprises control logic, waveform memory, delay calculator, level translators, gate drive buffers with floating
voltage regulators, high-voltage, high-current MOSFETSs, and active T/R switches.

B Functions
¢ Octal programmable 5-level transmit beam-former with active T/R-switch

B Features
¢ 0 to +100V output voltage
¢ +2A source and sink current for the 1st and 2nd high-voltage pulses (Verp1/Vnn1, VPP2/VNN2)
¢ 2-mode output current control for the 2nd high-voltage rail
¢ +1A source and sink peak current for active ground clamp
¢ 250Q active ground clamp without blocking diode for anti-leakage
¢ 20MHz output frequency at +60V output, 220pF load
e Symmetrical positive and negative pulse waveforms for low 2nd order harmonic distortion
¢ 1.8V to 3.3V LVCMOS logic interface
o Waveform memory and registers with 100MHz Write / 50MHz Read SPI
¢ 0.2us to 41us common delay time range from TRIG signal
¢ 0 to 1.275us channel-to-channel delay time range
¢ 5ns channel-to-channel delay time resolution with dual-edge 100MHz LVDS/LVCMOS clock
e Minimum 10ns pulse width with 5ns time resolution with dual-edge 100MHz LVDS/LVCMOS clock
¢ 15Q active T/R switch
¢ Noise-cut diodes at each high-voltage output
¢ High-voltage clamp diodes between each high-voltage output and power rails
¢ Automatic thermal protection with indicator
e Power-up/down reset function for free power sequencing and for fail-safe in abrupt power drop
e Latch-up free, low crosstalk between channels by SOl CMOS technology
¢ QFN-68(1010)B: 68-lead 10x10mm QFN package (RoHS compliant)
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Figure 1 Block Diagram
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OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER

S-UM5588 Rev.1.0 oo
B Absolute Maximum Ratings
Ta=25°C unless otherwise specified.
Table 1 Absolute Maximum Ratings
No. ltems Symbol Value Units Condition
1 |Logic supply voltage Vio -0.4to +7 \Y
2 | Positive supply voltage Vop -0.4to +7 \Y
3 [Negative supply voltage Vss -7to +0.4 \%
4 | Positive high-voltage supplies Vep1, Vee2 -0.5to +105 Vv
5 |[Negative high-voltage supplies VN1, VNN2 -105 to +0.5 \%
6 |High-voltage outputs (x=0 to 7) HVoutx -105 to +105 \%
7 | Low-voltage outputs (x=0 to 7) LVourx -1 to +1 \%
8 [Logic output voltage SDOUT, FAULT -0.4 to +7 \%
EN, CLKIF, CLKP, CLKN,
o TRIG, SPIEN, CSP, CSN,
9 |Logic input voltages SCLKP, SCLKN, -0.4to +7 \Y,
SDATAP, SDATAN
10 | Operating junction temperature Tuop -20 to +125 °C
11 | Storage temperature Tste -55 to +150 °C
12 | Maximum power dissipation Pbmax 4 w
Remark Stresses beyond the absolute maximum ratings may cause permanent damage to the product.
B Operating Supply Voltages and Logic Inputs
1. Operating supply voltage and temperature
Table 2 Operating Supply Voltage and Temperature
No. ltems Symbol Min. Typ. Max. | Units Condition
1 | Logic supply voltage Vio 1.71 | 1.8t03.3 3.6 \Y
2 | Positive supply voltage Vop 4.75 5 5.25 \%
3 | Negative supply voltage Vss -5.25 -5 -4.75 \%
4 | Positive high-voltage supplies Vep1, Vep2 0 - 100 \%
5 | Negative high-voltage supplies VN1, VNN2 -100 - 0 \%
6 |IC substrate voltage ™ Vsus - 0 - \Y
7 |Vep_, VNn_ slew rate SRwmax - - 25 Vims
8 | Operating free-air Temperature Ta 0 - 75 °C

*1. The package exposed pad internally connected to the chip substrate must be soldered to the ground.
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OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-UM5588

2. Logic inputs and outputs
2.1 LVDS differential logic inputs

Table 3 CLKP/CLKN, CSP/CSN, SCLKP/SCLKN, SDATAP/SDATAN

No. Items Symbol Min. Typ. Max. | Units Condition
High-level input voltage ViH 1.265 - - V  |ViHemr(Typ)+Voirr(Min)/2
2 |Low-level input voltage Vi - - 1.135 V  |ViHemr(Typ)-Voirr(Min)/2
3 \?;T:Z;eemrgrl}g;pm VDIFF(range) 0.13 0.35 0.49 | £V |Same as voltage swing
4 Differential input.voltage VoIFF o) 026 07 098 | Vi Differentiallpeak-to-peak absolute
peak to peak swing voltage swing
5 'm”g:;"r‘:;zgee common Viiewr | 0.84 12 | 156 | v
6 |High-level input current IH - - 5.8 mA
7 |Low-level input current I - - 5.8 mA
8 |Input rise/fall time tr, tf - - 600 ps |20% to 80% of Voirr
Input clock frequency (Tx) feik - - 100 | MHz |CLKP/CLKN, SCLKP/SCLKN
9 - - 100 | MHz |SCLKP/SCLKN (Write mode)
Input clock frequency (SPI) fscLk
- - 50 MHz |SCLKP/SCLKN (Read mode)
Dcik 48 50 52 % |CLKP/CLKN
10 |Clock duty cycle
DscLk 45 50 55 % |SCLKP/SCLKN
11 |CS setup time tsu_cs 25 - - ns |CS to SCLKrise
12 |CS hold time tHLD_cs 2.5 - - ns |CS to SCLKrise
1043TscLk - - ns |Data write to memory
1050TscLk - - ns |Data read from memory
75TscLk - - ns |Data Write to 7Byte register
13 |CS width tw_cs 82TscLk - - ns |Data read from 7Byte register
147TscLk - - ns |Data write to 16Byte register
154Tscik - - ns |Data read from 16Byte register
26TscLk - - ns |Data read of other register
14 |SDATA setup time tsu_spATa 25 - - ns |SDATAto SCLK rise
15 |SDATA hold time tHLD_SDATA 2.5 - - ns |SDATA to SCLK rise

Remark External termination Resister (100Q) is necessary for LVDS |/F differential inputs.
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OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
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2.2 CMOS logic inputs & outputs

Table 4 CLKP/CLKN, CSP/CSN, SCLKP/SCLKN, SDATAP/SDATAN'?
EN, CLKIF, TRIG, SPIEN, SDOUT

No. ltems Symbol Min. Typ. Max. | Units Condition
1 |High-level logic input voltage ViH 0.8VLL - Vio \Y,
2 |Low-level logic input voltage Vi 0 - 0.2V | V
3 |Logic input capacitance Cin - 3 - pF
4 |Logic input high current ™ IiH -10 - 10 PA
5 |Logic input low current 2 I -10 - 10 PA
6 |Input rise/fall time tr, tr - - 2.0 ns |10% to 90% of signal
1.5 - - LVDS clock
7 |TRIG fall to clock rise setup time | tsu_Trrtockr ns
1.5 - - CMOS clock
1.5 - - LVDS clock
8 |TRIG fall to clock rise hold time [tHLD_TRFtockrR ns
1.5 - - CMOS clock
9 |TRIG width tw_TrIG 3Tck - - ns
10 [High-level logic output voltage VoH 0.8ViL - Vi VvV |SDOUT
11 |Low-level logic output voltage VoL 0 - 0.2V | V [SDOUT
12 |Logic output off leak current loFFLEAK -10 - 10 uA  [SDOUT Hi-Z output
8 12 18 ns [(ViL=1.8V, 10pF load
13 [SDOUT propagation delay to_spout 7 11 17 ns [(Vi=2.5V, 10pF load
6 10 16 ns [Vu=3.3V, 10pF load

*1. CLKIF has 50uA leakage at Vi.L.=2.5V due to 50kQ internal pull-down resistor.
*2. EN, SPIEN has 50pA leakage at VLL=2.5V due to 50kQ internal pull-up resistor.

*3. Differential CMOS or Single-ended CMOS is also available for CLKP/N, CSP/N, SCLKP/N and SDATAP/N.
In case of single-ended CMOS, N-terminals (CLKN, CSPN, SCLKN and SDATAN) need to be connected to half of V..
(VL/2).

2.3  Open drain output

Table 5 FAULT

No. ltems Symbol Min. Typ. Max. | Units Condition
1 |Pull-up voltage VpurAULT - - Vio V |Connected to VL. with R1
2 |Output low voltage VoLrAuLT - - 0.5 V  |Active, VLL=2.5V, R1=2.5kQ
3 |Output current IFAULT - 1.0 - mA |Vw=2.5V, R1=2.5kQ
4 |Off leak current loFFLEAK -10 - 10 MA |Disabled (Hi-Z)

4 ABLIC Inc.
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Rev.1.0 oo S-UM5588

2.4 Logic inputs timing chart
241 LVDS clock inputs

CLKP CLKN

Vpiee(range)

Figure 2 Differential Input Voltage Range (Voirr(range))
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Figure 3 Differential Input Voltage Peak to Peak Swing (Vbirr(p-p))

24.2 TRIG and setup/hold time
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2.4.3 SPlinputs and setup/hold time
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Figure 6 Read Data from Waveform Memory or Registers

2.4.4 Note on CSP rise timing
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Figure 7 Note on CSP rise timing in case that SCLKP operates before CSP rising as following.

In case that SCLKP operates before CSP rising, CSP has to rise during SCLKP is “low” except for setup time “tsu_cs”.
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B Typical Application Circuit
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Figure 8 Typical Application Circuit

Remark C1 to C16: Ceramic capacitors of 2200V 0.1uF to 1puF
C17 to C24: Ceramic capacitors of 216V 10uF
C25 to C36: Ceramic capacitors of 216V 0.1uF
R1: 2.5kQ
R2 to R5: 100Q (for LVDS)

Note:

1. High-voltage power supply pins, VPP/VNN, can draw fast transient currents up to +2.0A. Therefore, ceramic capacitors of
=200V 0.1uF to 1uF (C1 to 16) should be connected as close to the pins as possible for bypassing purpose.

2. Ceramic capacitors of 216V 10pF (C17 to 24), and =216V 0.1uF (C25 to 36) should also be connected between high-
voltage power supply pins and corresponding floating voltage pins VFP/VEN, and low-voltage power supply pins for
bypassing purpose. Connect those as close to the pins as possible.

3. It is also important to minimize the trace length and to have enough trace width of those high voltage and floating voltage
lines.

4. The thermal tab on the bottom of the package must be soldered to the GND.

5. External 100Q should be connected between differential LVDS inputs of SPI and Clock.

ABLIC Inc. 7



OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
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B Electrical Characteristics
1. Operating supply currents

Table 6 Operating Supply Currents (1/2)

Vi=2.5V, Vop/Vss=15V, Ta=25°C, CLKP/CLKN=100MHz, HVout load=220pF//200Q, LVout load=47pF//2009,
unless otherwise specified.

No. Items Symbol Min. ?_szc Max. Units Conditions
1 |VLL current SPIEN=H ILLap — 0.05 — mA
SPIEN=L — 0.1 — mA
SPIEN=H - 5.5 - mA _[Quiescent current-1
2 |Veoeurrent fopEN=L o 785 | | mA |EN=1(Disable)
3 [Vss current Issap - 1 - mA |Current mode 1 (CC='1")
4 |Vep1 current IpP1QD — 0.1 — mA [Vep1/VNN1=2£100V
5 |Vpe2 current Ipp20D — 0.1 — mA |Ver2/VNN2=£100V
6 | VN1 current INN1QD - 0.1 — mA
7 | VN2 current INN2QD — 0.1 — mA
8 |V current SPIEN=H ILLae — 0.1 — mA
SPIEN=L — 0.15 — mA
SPIEN=H,
CLKIF=H(CMOS) B 12 - | mA
SPIEN=H,
9 lv CLKIF=L(LVDS) - " — mA Quiescent current-2
pD current Ibbae
SPIEN=L, B 20 B mA EN=0(Enable)
CLKIF=H(CMQOS) Current mode 1 (CC='1")
SPIEN=L, : 20 : mA Vep1/VNN1=£100V
CLKIF=L(LVDS) Vep2/VNN2=1100V
10 [Vss current Issqe - 1 — mA
11 |Vep1 current lpP1QE — 0.3 — mA
12 [Vpp2 current lpP2qE — 0.3 — mA
13 [Vnn1 current INN1QE — 0.3 — mA
14 [Vnn2 current INN2QE — 0.3 — mA
SPIEN=H — 0.1 — mA
15 [VLL current SPIEN=L ILLpw ~ 015 ~ A
SPIEN=H,
CLKIF=H(CMOS) B 15 - | mA _
SPIEN=H, j . j " E\Kjvzc())peratlng current
CLKIF=L(LVDS)
16 | Voo current SPIEN=L, IboPw Current mode 1 (CC="1")
CLKIF=H(CMOS) - 23 - mA 8-.channel active
T [ [ [z
CLKIF=L(LVDS) :
Vep1/VNN1=£60V
17 [Vss current Isspw — 2 — mA Vepa/VaN2=£5V
18 |Vpep1 current IpP1PW — 4 — mA
19 [Vpp2 current Ipp2PW — 0.3 — mA
20 [Vnn1 current INNTPW — 4 — mA
21 [Vnn2 current INN2PW — 0.3 — mA

8 ABLIC Inc.
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Table 6 Operating Supply Currents (2/2)

Vi=2.5V, Vopo/Vss=15V, Ta=25°C, CLKP/CLKN=100MHz, HVout load=220pF//200Q, LVout load=47pF//200Q
unless otherwise specified.

Spec . o
No. Items Symbol Min. Typ. Max. Units Conditions
SPIEN=H - 0.1 - mA
16 |V current SPIEN=L ILLewt ~ 015 ~ A
SPIEN=H,
CLKIF=H(CMOS) B 108 - | mA .
SPIEN=H, o A CW_operatlng Cl-JrTfnt—1
CLKIF=L(LVDS) EN=0, CKDIV[1:0]=10
17 | Voo current SPIEN=L Ipbcw1 Current mode 1 (CC="1")
CLKIF=H(CMOS) - 116 - mA E;-.chfmn:aelI actllvg .
SPIEN=L, - " } . leg'c\JAaHrz -level Continuous
CLKIF=L(LVDS)
18 v : | o4 A Vep1/VNN1=£60V
ss curren SSCW1 - = m Vepa/VNN2=+5V
19 [Vep1 current IpP1cW1 - 0.3 - mA
20 [Vep2 current IpP2cwW1 - 190 - mA
21 [Vnn1 current IpP2cw1 - 0.3 - mA
22 |Vnn2 current INN2CW1 - 200 - mA
SPIEN=H - 0.1 - mA
23 [VLL current SPIEN=L ILLewz ~ 015 ~ A
SPIEN=H,
CLKIF=H(CMOS) - 151 - | mA .
SPIEN=H, o7 " CW_operatlng CL.Jrrfnt-Z
CLKIF=L(LVDS) - - EN=0, CKDIV[1:0]=10
24 (Voo current SPIEN=L Ibpcw2 Current mode 0 (CC='0")
CLKIF=H(CMOS) - 113 - mA 8-.channel active '
Bipolar 3-level Continuous
SPIEN=L, - 15 | - | mA |f=5MHz
CLKIF=L(LVDS) \; N =460V
PP1/VNN1=X
25 [Vss current Isscw2 - 21 - mA Vepo/\VNnp=+5V
26 |Vee1 current IpP1cW2 — 0.24 — mA
27 |Vep2 current IpP2cw2 — 175 — mA
28 |Vnn1 current INN1CW2 — 0.24 — mA
29 |Vnn2 current INN2CW2 — 185 — mA

ABLIC Inc. 9



OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
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2. Static characteristics

Table 7 Static Characteristics

Vi=2.5V, Voo/Vss=15V, Ta=25°C, VFP[2:0]=VFN[2:0]=000, DRVPADJ=DRVNADJ=0, unless otherwise specified.

Spec
No. Items Symbol Units Condition
Min. Typ. Max.
1 HVourtx output voltage range HVourx | -100 - +100 \Y,
P1 active,
B 2.0 B A Vpp1/VNN1=£60V
2 |HVourx high-side peak current | - 2.0 - p |P2active,
ourx nig P oH ’ Vepr2/VNn2=£60V, CC=1
P2 active,
B 10 - A~ | Vepa/Vanz=60V, CC=0
3 HVourx high-side GND clamp | B 10 B A Nd active,
peak current ot ’ Vep1/VNN1=VPp2/VNN2=260V
N1 active,
a 2.0 - A |VepVan=£60V
4 |HVourx low-side peak current | - 2.0 - a N2 active,
ouT P o ’ Vepr/VNn=160V, CC=1
N2 active,
B 10 - A~ | VepVan=£60V, CC=0
5 HVourx low-side GND clamp | _ 10 _ A Pd active,
peak current oLet ' Vepr1/VNN1=VPP2/VNN2=£60V
- 15 - Q lon=100mA, P1 active
6 [HVourx high-side on-resistance RonH - 15 - Q lon=100mA, P2 active, CC=1
- 23 - Q |[lon=100mA, P2 active, CC=0
7 HVOUT?( high-side GND - clamp RonHeL - 20 - Q lonct=100mA, Pd active
on-resistance
- 15 - Q lo.=100mA, N1 active
8 |HVourx low-side on-resistance RonL - 15 - Q lo,=100mA, N2 active, CC=1
- 23 - Q |[lo.=100mA, N2 active, CC=0
9 HVPUTX low-side GND clamp on- RonLeL - 20 - Q loLct=100mA, Nd active
resistance
10 |HVourx off-capacitance CHvorF - 34 - pF | TXoutx=GND, TRSW=off

10 ABLIC Inc.
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S-UM5588

3.

Dynamic characteristics

Table 8 Dynamic Characteristics

V=25V, Vop/Vss=15V, Ta=25°C, CLKP/CLKN=100MHz, VFPCTL[2:0]=VFNCTL[2:0]="000’, HVourt load=220pF//200L2,

LVour load=47pF//200€, unless otherwise specified.

Spec ) »
No. Items Symbol X Units Condition
Min. Typ. Max.
Output frequency fout — 20 - MHz
Output rise propagation delay tar — 40 — ns
Output fall propagation delay taf — 40 - ns
4 Output rise propagation delay taroL _ 40 3 ns
clamp
5 Output fall propagation delay el 3 40 3 ns
clamp
6 | Propagation delay matching Aty — +1 +3 ns
— 18 — ns |P1 active
o tr — 18 - ns |P2 active, CC=1
7 | Output rise time -
- 33 - ns |P2 active, CC=0
trcL — 15 - ns |Pd active
- 18 - ns |N1 active
) tr — 18 — ns N2 active, CC=1
8 | Output fall time :
- 33 - ns |N2 active, CC=0
trcL - 15 - ns |Nd active
9 | 2nd harmonic distortion HD2 - -40 - dBc
. HDPC - -40 - dBc |Bipolar, 2-cycle, four=5MHz
10 [Pulse cancellation
HDPC2 - -40 - dBc
.. Bipolar CW, four=5MHz,
11 |RMS outputjitter Y - 10 - PS | Vep/Van=£5V, HVour load=50Q
fOUT=5MHZ, 10Vp-p,
12 | Crosstalk between channels X1k - -70 - dB HVour load=500

ABLIC Inc.
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4. Integrated peripheral circuits characteristics

4.1 TIR Switch characteristics
Table 9 T/R Switch Characteristics
Vi=2.5V, Voo/Vss=+5V, Vrr1/VNN1=Vrp2/VNN2=260V, TA=25°C, unless otherwise specified.

Spec ) .
No. Items Symbol - Units Condition
Min. Typ. Max.
1 |LVourx output voltage range LVourx | -0.85 - +0.85 \%
2 | TRSW on-resistance RonTrR - 15 - Q |HVourx=100mV, LVoutx=0V
3 | TRSW on-capacitance ConTr - 15 - pF |LVourx=0V
4 |TRSW off-resistance on HYOUTx RoFFTRHY 1 - - MQ
5 | TRSW off-resistance on LVOUTx RoFrFTRLY 8 10 12 kQ
Spike voltage _ _ 220pF//200Q load on HVoutx
6| on HVourx and LVourx VRN 10| mVeP | 47 0F/12000 Ioad on LVourx
. _ _ Logic input-to-ready for Rx signal
7 |TRSW turn-on time taTRON 300 NS |gee Fig.15
8 |TRSW turn-off time taTROFF - 50 100 ns |See Fig.15
4.2 Analog Switch
Table 10 Analog Switch Characteristics
V1L=2.5V, Vbp/Vss=15V, Ta=25°C, unless otherwise specified.
Spec ) "
No. ltems Symbol - Units Condition
Min. Typ. Max.
1 |[ASW on-resistance Ronasw - 250 — Q
4.3 HV Blocking Diode
Table 11 HV Blocking Diode Characteristics
V1L=2.5V, Vop/Vss=15V, Ta=25°C, unless otherwise specified.
Spec ) »
No. ltems Symbol - Units Condition
Min. Typ. Max.
- 1.0 - V  |IrF=100mA
1 |Forward voltage VFHvD
- 1.2 - V  |IF=200mA
2 |Reverse voltage VRHVD 200 - — V_ [Ir=1pA
4.4 LV Noise-cut Diode
Table 12 LV Noise-cut Diode Characteristics
V1L=2.5V, Vbp/Vss=15V, Ta=25°C, unless otherwise specified.
Spec ) -
No. ltems Symbol - Units Condition
Min. Typ. Max.
1 |Forward voltage VFLvD — 11 — V_|l-=100mA
— 1.25 — V | Ir=200mA
4.5 Thermal Protection
Table 13 Thermal Protection Characteristics
V1L=2.5V, Vbp/Vss=15V, Ta=25°C, unless otherwise specified.
Spec , .
No. Items Symbol Units Condition

Min. | Typ. Max.

90 110 120 °C |THPCTL[1:0]=00
120 130 140 °C | THPCTL[1:0]=01

1 | THP temperature threshold Ttrp

140 150 160 °C | THPCTL[1:0]=10

— |Disabled| - °C | THPCTL[1:0]=11 (THP is disabled)
2 | THP reset hysteresis THysTHP 5 10 20 °C

12 ABLIC Inc.
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B Operation Mode

Table 14 Operation Mode

Section| EN | CSP|sPiEN?|TRIG| X Fattem | SPILVDS |Memory} Memory| Register| Register| . | o, | 506 ration mode
Signal | Receiver| Write | Read | Write Read
0 Bias on .
A 1 0 x x - - - - - - — |IC disabled
1 Bias off
0 Bias on 4 4 — 4 IC disabled,
B 1 1 1 X x Bi " - - |WIR of Memory
'as o B B B B and Read of Register
0 Bias on 4 4 4 4 Rx, W/R of Memory or|
] 0 1 ] x x Bias off - | v |Register,
'as o B B B B Reset of Tx Operation
0 Bias on
D ol o 1 « : : 3 : : _ | o [Rx& Reset of Tx
1 Bias off Operation
0 Bias on .
E 0 0 0 |Generated[— - - - - v - |Tx
1 Bias off
0 Bias on .
F 0 0 0 none - - - - - - v Rx
1 Bias off

*1. Individual register parameter on Tx/Rx active channel (TXACT[x] and RXACT[x]) is necessary to be set “1”.
*2. SPIEN Signal is used to reduce the bias current of SPI LVDS Receiver when SPI is not used. (Power on/off
time of LVDS receiver is <300ns/<100ns.)

Remark v':Available
—: Not available
x: Don't care

B, A B G EH B B8 B .6 B DFE B OB E B

i Write to 1 i Write to

EN —ee Regster! | 1 | [Register |
:Memory(WFM) i “Cleai Register & Error cod¢ ' '
CSP b ‘ ‘ : : : :
i ; | Preset Delay i : | Preset Deléy 1 | Preset Dela‘y
TRIG : | I — ; | — ; [ — :
: i iTxResat P | DxReset | ! | TxResel | |
cstws FA X O EEEOEOOED EEOOO@EDOEO
) ) : !Disabled ! o : : : : P : o !
5LP in active ch-x + p : V — y y
(TXACT[x]=1) __CNP ‘ Xeus X GND (Bus__cno - GND

5LP in disabled ch-x
(TXACT[x]=0)

RS I st o : R A : : : : Y P R
e e ) S o

TRSW in disabled ch-x = o
(RXACT(x)=0)

Figure 9 An Example of Operating Sequence

ABLIC Inc. 13
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B SPI Header Configuration

Table 15 SPI Operation Table

SDATA Control Header (First 1Byte of SDATA)
SPI Operation
(MDS78) D6 D5 D4 D3 D2 D1 (LE;OB)
0 0 0 0 Write to the first 7Byte (R#0 to R#6) Control Registers
and CRCJ7:0]
0 1 0 0 \Write to all 16Byte Control Registers and CRC[7:0]
1 0 0 0 N/A
1 1 0 0 Write to Memory and CRCJ7:0]
0 0 0 1 0000 Read from the first 7Byte (R#0 to R#6) Control
(Reserved) Registers and CRC[7:0]
0 1 0 1 Read from all 16Byte Control Registers and CRCJ[7:0]
1 0 0 1 N/A
1 0 1 Read from Memory and CRCJ[7:0] through SDOUT pin
x x 1 0 Read from ERROR][7:0] through SDOUT pin
x x 1 1 Read from DSUM[7:0] through SDOUT pin

< 8bit CRC Conditions>
CRC initial value = 00000000
CRC Polynomial equation is X8+X5%+X*+1

Remark x: Don't care

14 ABLIC Inc.
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B Access to Memory or Registers with SPI

1. SPI write to memory or registers operation

cs _| ............ |_

i«<— Header (1Byte) —— Transfer data (Memory 128Byte , Register 1GByte)—><— CRC (1Byte) —><—>‘
(operation command) | Memory #0 i : Memory #127 ‘+3cycle
| (Register #0) . (Register#6 or 15) ! CRC[7:0] } |
D7 D0ID7 DQD7 DO D7 DQED7 Do; |
spaTA —COXOCOOOOCOOOOCOOE0O0 COOOOCOOOCEOOCOOO0——m-
SCLK __l'Ll'Ll'Ll'Ll'Ll'Ll'U'LI'LI'LI'LI'LI'LI'LI'LI'I_I'LI'l .................... MLFLFLFLFLFLFLFLFLFLI’LI’LI’LI’LI’LI’LI’I_FLI'LFU‘L
(Hi-Z) | | | |
SDOUT ; ; : :

Figure 10 Sequence of Writing to Memory or Registers with SPI

Remark <CRC Conditions>
CRC initial value = 00000000
CRC Polynomial equation is  X8+X5+X*+1

In SPI “WRITE” operation, internal logic circuit also calculates the CRC ,and writes it to internal Register DSUM[7:0].
If CRC[7:0] matches DSUM[7:0], ERROR][0] = 0. If unmatched, ERROR[0] = 1 and FAULT pin reports,
unless fault report is released.

2. Read back form memory or registers operation
1% i i
s
g o L
5 i«<—Header (1Byte) " —sie— Wait (8.5cycle) —><—Read data (Memory or Register and last CRC'2) —_— e
> 3 (operahon command) 3 ‘ (1 SCycIe)
3 ‘ :
9] D7 0 ;
g soa—C0000000 ;
Q P - s i
> eraEnnnnpnninpnnnpnnnpnpnnnpnnnpnpnnnl M Uooyyoyunrn
3 | U : L L !
P P ' Memory #0 | Memory #127/
g 5 P (Register #0) (Register #6 or 15)! last CRC (1Byte) P
SE P (H-z) D7 DOD7 DOD7 DO i(Hi-Z)
82 spour — — OOOCOCOCO0 ‘ —
n L Lo . : : Lo
© b P ! : :
S G o —— - I | L
S2 (internal) b P ; ; ;

Figure 11 Sequence of Reading from Memory or Registers with SPI

*1. In case of "READ" operation, SDATA inputs except for Header are ignored. (CRC error detection is disabled).
*2. Last CRC is the received CRC data from FPGA in previous "WRITE" operation to Memory or Register.

ABLIC Inc. 15
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B 5LP+TRSW Operation Example

; ; ; | Writeto } = | Wite to | N~ N~
EN T Wieto | L. | Register i E i i Register | oo 8 b r 8By
{ Memory(WFM) 1 “Cleai Register & Errof cod ; : ' ] : : : : ] ] : ]
CSP I | : : : I 1 oo :
: : : : ‘ Preset Delay | : : i Preset Dela Preset Dela
TRIG : : : : R [ S— : : : | — Y
3 : : : | iTxReset ! 3 : : {TxReset | ! {TxReset |
c savs T X RO DOOOEOOOTE
1 {Disabled | o : : 3 3 et et bt ot et bt
5LP in active ch-x - ; Y V - - ; ;
ND H ND H H
(TXACT[X|=1) N : . XB“'S‘X SND GND L GhD
5LP in disabled ch-x = g\p
(TXACT[x]=0) : : : : P : : : : N N

TRSW in active ch-x = of -On Off.
(RXACT(x)=1) T T T T T — ' X

TRSW in disabled ch-x = off

(RXACT(x)=0) T T ' ' ' I : T j

Figure 12 An Example of IC State Timing Diagram and 5LP Operation

E' Tx starts from TRIG fall edge with preset delay time.
TRSW turns on except for Tx Burst period or IC-disabled.

Generating Tx WF Pattern WFM [ i Item D7 D6 D5 D4 D3 D2 D1 DO
CODE_[1:0] = output state (tHV, GND)  see Truth Table starmsopiaet e Lo Lo T o T o T o T 0 Ty
- . | Tl O I
Pulse width = 5ns x (W_[4:0]+2) (decimal, 10ns to 165ns) TR BT TR T il i L ik
START [6:0] = starting address [(B:01>] 2 | Puser A 1] 0] 4] 3] 2] 1) 0
STOP [60] = Stopping address \ 27 | Puise #127 CoDET27 | CODETZ7 | GODETZT | Wiz Wiz Wiz Wiz Wiz
21 1 0] 4] 31 2] 11 [0
Repeat count(s) = 1, 1xREPEAT[7:0], 16xREPEAT[7:0], CW
CW mode ends with CS =1 or TRIG =1 Register [®# [ br - D o 7 Lt a0
: 0 | reservedJ START[6] | START[5] | START[4] | START[3] | START[2] | START[1] | STARTI)
reserved | STOP[6] | STOP[5| | STOP[4] | STOP[3] | STOP[2) | STOPI STOP[0
INV MUL-RPT d cC CKDIV[1]_|_CKDIV[0] | THPCTL[1] | THPCTL[O
G ti Tx Del 8ch REPEAT[7] | REPEAT[] % {5] | REPEAT[4] | REPEAT[3] | REP T%TFW[H]]_W[LOJ]_
enerating Tx Delay (8ch) DRVPADJ | VFP[2] | VFP[] | VFP[O] | DRVNADJ | VFNZ] VEN[1] VEN[O]
. TXACT[7] | TXACT[6] | TXACTIS| | TXACT[] | TXACT[3] | TXACT[2] | TXACTI] | TXACTIO
CHbx delay time form TRIG fall edge = BASE-DELAY + CHx-DELAY D 7 7k Y ST T T I S P o]
7 | BASEDL[7] | BASEDL[6] | BASEDL[5] | BASEDL[4] | BASEDL[3] | BASEDL[2] | BASEDL[1] | BASEDL0]
BASE_DELAY(Common) = 160nsx(BASEDL[70])+200nS \ 8 | CHoDL[7] CHODL[Q]U CHODLL:EJJ CHODL[4] | CHODL[3] | CHODL[2] | CHODL[1] | CHODL[O
. 9 | CHIDL[7] | CHIDL[6] | CH1DL[5] | CHIDL[4] | CH1DL[3] | CHI-DL[2] | CH1DL[1] | CH1DL[0] |
(dec|ma| 02HS to 41 us) 10 | CH2DL[7] | CH2DLI6] | CH2DL[5] | CH2DL[4] | CH2DLI3] | CH2DL[2] | CH2DL[1] | CH2DL[O)
. ’ T CH3DL[7] | CH3DL[6] | CH3DL5] | CH3DL[4] | CH3DL[3] | CH3DL[2] | CH3DL[1] | CH3DL[0]
- = . 12 CH4DL[7] CH4DL[6] CH4DL[5] CH4DL[4] CH4DL[3] CH4DL[2] CH4DL[1] CH4DL[0]
CHx DELAY(/Ch) ons (CHXDL[7O]) 13 | CH5DL[7] CHSDLU[G] CHSDLL:’:J] CH5DL[4] | CH5DL[3] | CH5DL[2] | CHS5DL[1] | CH5DLIO
= ; 14 | CHeDL[7] | CH6DL[6] | CH6DL[5] | CHEDL[4] | CH6DL[3] | CH6DL[2] | CHEDL[1] | CHeDLIO
(x=0to 7, decimal, 0 to 1.275ps) 15 | _CHrDL[7) | CH7DL[6] | CH7DL[5] | CH7DL[4] | CH7DL[3] | CH7DL[2] | CHZDL[1] | CH7DL[0]

Delay time resolution = 5ns

16 ABLIC Inc.
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B Truth Table
Table 16 Truth Table
) . WFM Control CHx 5LP CHx Output
Ceue External singalf, | |Control Register| - per.q) |Register MOSFET/ASW/TRSW status state
Tx-PT(x) 2500
mode SPI |EN|CS|TRIG TXACT|RXACT| [2] | [1] |[0]| INV [ P1 | N1 | P2 | N2 | Pd | Nd [, TRSW[TXOUT,|LVOUT,
A \c gisabled 0o [ 1[0 x [ none x x x [ x [x] x JOFFJOFF]OFF[OFF] ON [ON | ON JOFF] GND [ 10kQ
B Mem. W[ 111 ] x [ none x x x | x [ x| x [oFF|oFF|[OFF|[OFF| ON [ON | ON [OFF| GND | 10kQ
Memory[ 0 [ 1 [ x [ none 0 0 x | x | x| x |OFF|OFF|OFF [OFF | ON | ON | ON [OFF [ GND | 10kQ
Rx&TxReset| WR |0[1] x | none | © 1 x | x [x| x |OFF|OFF |OFF |[OFF | ON |ON | ON | ON [ GND |HVOUTy
4 by sPiwr Regirster 0| 1] = | none 1 0 x | x | x| x |OFF|OFF|OFF [OFF | ON |ON | ON |OFF [ GND | 10kQ
wRr |0ol1] * | none 1 1 x | x |x| x |OFF|OFF|OFF|OFF| ON |ON|ON | ON [ GND HVOUT;
0Jo[ 1 [ none 0 0 x [ x [x] x [OFF[OFF|OFF [OFF[ ON [ON | ON JOFF| GND [ 10kQ
o Rx&TxReset| [0 ]0][ 1 | none 0 1 x | x | x| x |oFfF|oFF|oFF|OFF| ON |ON | ON | ON [ GND HvOUT,
By TRIG P Tolo[ 1 [ none 1 0 x | x | x x | OFF |OFF |OFF [OFF | ON | ON | ON |OFF | GND | 10kQ
0lo]| 1 | none 1 1 x | x | x| x |oFrF|oFF|oFF|OFF| ON [ON | ON | ON | GND HvOUT,
0o]lo]| o | Gen. 1 x |o]ofo|] x JoFfF|OFF|OFF|OFF| ON [ ON | ON [OFF| GND [ 10kQ
o|lo] o | Gen. 1 x oo 0 | oN |OFF |OFF | OFF | OFF |OFF | OFF | OFF | +HV1 | 10kQ
0lo]| o | Gen 1 x |olol1 1 |OFF | ON | OFF | OFF | OFF |OFF | OFF [OFF | -HV1 | 10kQ
0lo]| o | Gen 1 x |o|1]0] o |OFF|ON |OFF|OFF|OFF |OFF |OFF |OFF | -HV1 | 10kQ
olo]| o | Ggen 1 x lol1]o] 1 ON | OFF | OFF | OFF | OFF |OFF | OFF | OFF | +HV1 | 10kQ
. % noop, 0101 0 | Gen 1 x o |1]1 x N/A N/A
P[00l 0 [ Gen 1 x 1]0]o]| x |oFF|oFF|OFF|OFF|[ ON [ON | ON [OFF| GND [ 10kQ
olo]| o | Gen 1 x 1010 [1 0 |ofFF|oFF| oN |OFF | OFF |OFF | OFF | OFF [ +Hv2 | 10kQ
o0]o[ o | Gen 1 x 101 1 |oFF[OFF |OFF | ON [OFF |OFF |OFF [OFF | -Hv2 [ 10kQ
olo]| o | Gen. 1 x 1]1]0o] o |oFF|OFF|OFF| ON |OFF |OFF |OFF |OFF | -Hv2 | 10kQ
0lo]| o | Gen 1 x 110 1 |OFF|[OFF| ON |OFF | OFF |OFF | OFF |OFF | +HV2 | 10kQ
olo| o | Gen. 1 x 101 [1 x N/A N/A
r Rx oo, |01 01 0 | none x 0 x [ x |x = |OFF |[OFF [OFF [OFF| ON [ ON | ON [OFF | GND | 10kQ
P [oTo] 0 [rone x 1 x | x [ x| x| oFfF [oFFJoFF[oFF| oN |oN | ON | ON | GND |HVOUTY
Remark x: Don't care
Table 17 Truth Table
DRVP DRVN lour[A]
ADJ ADJ P1 N1
0 0 2 2
0 1 2 21
1 0 2.1 2
1 1 2.1 21
Table 18 Truth Table
Current lout[Al]
mode oe
P2 N2
0 0 1 1
1 1 2 2
ABLIC Inc. 17
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Table 19 Truth Table
VRS VPP1-VFP1 | VPP2-VFP2
2 | 1| o M M
o | o o 5 5
o | o | 1 5.15 5.15
o | 1| o 5.3 5.3
o | 1 1 5.45 5.45
11 0| o 5 5
1] 0o | 4 4.85 4.85
1 1| o 47 47
1 1 1 4.55 4.55
Table 20 Truth Table
IANET VFN1-VNN1 | VFN2-VNN2
2 | 1| o vl vl
ol ol o 5 5
o | o 1 5.15 5.15
o | 1| o 53 5.3
o | 1| 1 5.45 5.45
1 10| o 5 5
1] 0 | 1 4.85 4.85
11 1] o 47 47
11| 1 4.55 4.55
18 ABLIC Inc.
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B Timing Chart

Control Registers
START[6:0] =n

Load Load
STOP[6:0] = n+1 WM WEM
T M#n M#n+1 Pattern end
CLK
100MHz dual clock(external e

OLKP Mﬂmmmwmmmmwmmmmwmmmwmm
CLKN mwﬂmﬁﬁmmmmmwwmmmmmmmmmmmmmnﬂmmmmnﬂmwmmmnﬂmnnﬂm

we [Ty — — -

‘ tW_TRlG (3xTou) § 3 P ! ! §
‘ ‘ ‘ 10X Tek ‘ Twioth= NDIV X Te /2 % (Wn[4:0]+2) | ‘ ‘ 1

Generated : : 22 CODENn+ ‘ - ‘ ‘ 3
Wave Pattern ~ GND +TRSW on Xcgﬂ:ﬁnx f2: 0']‘ X GND +TRSW on
(common) T 1 ¢ ‘ 3 t ; ; 1 2

§ DBASE BASE-DELAY (common) (16 X Ny X BASEDL+18 x NDW+2) xTowk s BASEDL(O to 255) is decimal number of BASEDL[7: o]
;(—'—) ! ‘

DDCHANNEL CH-x DELAY delta (each channel) = CHxDL X NDIV XTewl2, CHxDL(O to 255) is decimal number of CHxDL[7 0]

Ly : : :

1 > 1
2 i
e ) ) s
; < t t — 4
: D)) 2.
Ch(x) TXOUT ¢ oND
(TXACTD=0) —————— 1 1 . 1 1 1 2
oo | | P 10X Teix !
Ch(x) TRSW — Py a— X X o 3
(RXACT[x=1) —2 ! L AT
BN 1 1 P : 1 1 N
Ch(x) TRSW ‘ ‘ N ‘ ‘ ‘ ‘ Off ‘ ‘ >

(RXACTI[X]=0)
Figure 13 An Example of 5LP State Timing Diagram with Register TXACT[x] & RXACT[x] (x=0 to 15)

TRIG — 1

CLKP .|_L|_L|_L|_U-|_|-L|_L|_| ...................................
| Telk |0 Tew=10ns at 100MHz clock
— |
'3 X Ty (min) ‘ ‘
Generated ‘ | 00" i
WF Pattern Rx : )  Tx X Rx

<—> Automatic pre turn-off sequence of TRSW before Tx(= 10 X T k)
Base-delay(=0.2(s to 41(s) : 0.16(s X BASEDL+0.2('s
: ' note: BASEDL(=0 to 255) is decimal number of BASEDL[7:0]

GND ‘ EED
HVOUTO 3 (Cleh")
CHO T/RSW On/Off | )J—( On/Off

<—> CHO Delay delta(=0 to 1.275(s): 5ns x CHODL
: : note: CHODL (=0 to 255) is decimal number of CHODL[7:0]

GND 3 § (VAN
HVOUTX 3 1 \LGND /
t of |
CHx TRSW onior | —— onor

(—'—> CHx Delay delta(=0 to 1.275(s): 5ns x CHxDL
note: CHxDL (=0 to 255) is decimal number of CHxDL[7:0]

GND : : /TAVFAV |
HVOUT7 ; 3 \_@.N.D_/ !
CH7 TIRSW On/Off 3 - On/off

(—‘—) CH7 Delay delta( =0t0 1.275(s): 5ns x CH7DL
‘ : note: CH7DL (=0 to 255) is decimal number of CH7DL[7:0]

Figure 14 An Example of 5LP State Timing Diagram W|th Register BASEDL[7 0] & CHxDL[8:0] (x=0 to 15)

ABLIC Inc. 19
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B Tx Propagation Delay and Rise/Fall Time Definition

TRIG 1 - - , , ) ) .
CLKP mmgmwmﬂmmmm

i Base-delay + ch(x) delay delta

&

, . ; ; L .
ch(x) Tx > GND ) EDEDED CDED GND
Pattern S H i i , i i
10XTo i i 1 1 i
ch(x) Rx S
Pattern <. X.
> '
Rx
.
HVgurx Pl
(x=0 to 15) $ o
o000 / |
: 1 1
. : i
' [ )
4 ! i
. i taTRON |

i tarRoFF |
LVgurX ! |
(x=0 too%) /\/\§§/\—/\. ./\

Fig.15 Tx propagation Delay and Rise/Fall Time

20 ABLIC Inc.
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B Tx Pulse Width and Delay Control Table

Table 21 Tx Pulse Width and Delay Control Table

Clock frequency = 100MHz  (Tck=10ns)
Spec )
No. ltems Symbol - Units Note
Min. | Typ. | Max.
Now=1 0] - 165 TwioTr [ns] = Now xTeik/2 x (WIDTHXx + 2)
1 | Tx pulse width | Noiv=2 TwipTH 20 - 330 ns |WIDTHx(=0 to 31) is decimal number of
Now=4 40 _ 660 WIDTHXx[4:0] in memory #x, x=0 to 127
Noiwv=1 - 5 _
Tx pulse width _
2 resolution Nowv=2 | ATwipTH - 10 - ns | ATwiptH=Nbpiv*TcLk/2
Noiv=4 - 20 -
Npiv=1 0.2 - 41
Base dela Dease=(16%NpvxBASEDL+18xNpiv+2)%TcLk
3 ranae y Nopiv=2 Dsase 0.38| — 181.98 BASEDL(=0 to 255) is decimal number of
9 S | BASEDL[7:0]
Noiv=4 0.74| - |163.94
Now=1 - 10.16 -
4 Base d-elay Npiv=2 ADsase - 10.32 - pus | ADBase=16%NpivxTcLk
resolution
Npiv=4 - 10.64 -
CHx delay Noiv=1 0 - 1275 DDcHANNEL= NDIVXT-CLK/ZXC-HXDL
_ CHxDL(=0 to 255) is decimal number of
5 |delta range Now=2 | DDcranner | O - | 2550 | ns
o015 CHXDL[7:0]
(x=01015) | Npy=4 o | - |5100 =0 to 7
CHx delay Noiv=1 — 5 _
6 delta . Noiv=2 | ADDcHaNNEL | — 10 — ns |ADDcHaNNEL=Npiv*TcLk/2
resolution
(x=0 to 15) Nowv=4 - 20 -

Remark Nbw(=1,2,4) is internal clock dividing factor with Register CKDIV[1:0].
CKDIV[1:0]=00: Npiv =1
CKDIV[1:0]=01: Npiv =2
CKDIV[1:0]=10,11: Now =4

ABLIC Inc.
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B Memory MAP
Table 22 Memory Map
Memory # D7 | D6 D5 D4 D3 D2 D1 DO
0 CODEQ[2:0] WIDTHO[4:0]
1 CODE1[2:0] WIDTH1[4:0]
2 CODEZ2[2:0] WIDTHZ2[4:0]
3 CODE3[2:0] WIDTH3[4:0]
124 CODE124[2:0] WIDTH124[4:0]
125 CODE125[2:0] WIDTH125[4:0]
126 CODE126[2:0] WIDTH126[4:0]
127 CODE127[2:0] WIDTH127[4:0]
Remark 1. In Memory Map, each 1-byte code consists of upper 3-bit CODEXx[3:0] and lower 5-bit WIDTHXx[4:0].

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

N

CODEX[2:0] stands for an output state of Tx burst as shown in Truth Table.

3. WIDTHx[4:0] expresses the pulse width (TwiotH) which is calculated as follows.

TwiotH [Ns] = Noiv xTeik/2 x (WIDTHx + 2)

4. Where, Tcwk is the CLKP/CLKN clock period, WIDTHx(=0 to 31) is decimal number of WIDTHx[4:0] and

22

ABLIC Inc.

Nbiv(=1,2,4) 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, 11

: Noiv=1, TwiotH [ns] is 10ns to 165ns (5ns step).
: Noiv=2, TwioTH [ns] is 20ns to 330ns (10ns step).
: Now=4, TwiptH [ns] is 40ns to 660ns (20ns step).
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B Register Parameter Function

Table 23 Register Parameter Function

Items Register type function
WFM Read Address(start) START common Starting address of the Waveform Memory for generating
[6:0] the Tx waveform pattern
WFM Read Address(stop) STOP common Stop address of the Waveform Memory for generating
[6:0] the Tx waveform pattern
TX Waveform control INV common [Inversion control of generating Tx waveform pattern
Wave generation Repeat Multiplying factor selection for REPEAT[7:0]
control(1) MUL-RPT | common | 1", RepEAT[7:0], 0: 16xREPEAT[7:0])
Tx driver current control CcC common [P2/N2 Tx driver current control (0=1A, 1=2A)
Tx clock dividin CKDIV common Internal clock dividing factor “Noiv” selection
9 [1:0] (00:Nbwv=1, 01:Nbiv=2, 10 or 11 :Nbwv=4)
P1 Driver adjusment DRVPADJ | common |P1 driver current, 0:2A, 1:2.1A
N1 Driver adjusment DRVNADJ | common N1 driver current, 0:2A, 1:2.1A
VFP[2]=0: VPP1-VFP1 (=5 to 5.45) : 5+0.15xVFP,
Built-in power supply ) \VFP is decimal number of VFP[1:0]
control for P1 VFPI2:0] | common e p o 1. VPP1-VFP1(=4.55 to 5) : 5-0.15xVFP,
\VFP is decimal number of VFP[1:0]
VFN[2]=0: VFN1-VNN1 (=5 to 5.45) : 5+0.15xVFN,
Built-in power supply VEN[2:0] | common \VFN is decimal number of VFN[1:0]

control for N1

IVFN[2]=1: VFN1-VNN1(=4.55 to 5) : 5-0.15%xVFN,
\VEN is decimal number of VFN[1:0]

THP detection control

THPCTL[1:0]

common

[THP detection control
(00:110deg , 01:130deg , 10:150deg, 11:Disabled)

Wave generation Repeat

REPEAT[7:0]| common |[Repeat counts control of Tx waveform pattern generation
control (2)
Active channel control for Tx TXACT /channel ctive channel control in Tx,
[7:0] [TXACT[X] corresponds to ch(x) in Tx
Active channel control for Rx RXACT /channel ctive channel control of T/R-SW,
[7:0] RXACTI[x] corresponds to TRSW of ch(x)

TX delay control (1)

BASEDL[7:0]

common

Tx offset delay (common to all channel) :
(16xNpivxBASEDL+14xNpiv+2)xTcik

BASEDL (=0 to 255) is decimal number of BASEDL[7:0],

Tcik is external clock period.

TX delay control (2)

CHxDL
[7:0]

/channel

Tx delay for each channel x (x=0 to 7) : NoiwxTcwk/2xCHxDL
CHxDL(=0 to 255) is decimal number of CHxDL[7:0],

Tcik is external clock period.

REPEAT[7:0] (Repeat counts control of Tx waveform pattern generation)
REPEAT[7:0]=00000000 : repeat count = 1
REPEAT[7:0]=00000001 to 11111110 : repeat count = 1( or 16)xREPEAT[7:0]
REPEAT[7:0]=11111111 : continuous

ABLIC Inc.
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B Register MAP
Table 24 Tx Control Register MAP

R# D7 D6 D5 D4 D3 D2 D1 DO
0 reserved STARTI[6] STARTI[5] STARTI[4] STARTI[3] START[2] START[1] STARTI[O0]
1 reserved STOPI6] STOPI5] STOPI[4] STOPI3] STOPI[2] STOP[1] STOPI0]
2 INV MUL-RPT reserved cC CKDIV[1] CKDIV[O] | THPCTL[1] | THPCTLI[O]
3 | REPEAT[7] | REPEAT[6] | REPEAT[5] | REPEAT[4] | REPEATI[3] | REPEAT[2] | REPEAT[1] | REPEATI[O0]
4 DRVPADJ VFP[2] VFP[1] VFP[O0] DRVNADJ VFNI[2] VFNI1] VFNIO]
5 TXACT[7] | TXACT[6] | TXACT[5] | TXACT[4] | TXACT[3] | TXACT[2] | TXACT[1] | TXACTIO]
6 RXACT[7] | RXACT[6] | RXACT[5] | RXACT[4] | RXACTI[3] | RXACT[2] | RXACT[1] | RXACTI[O]
7 | BASEDL[7] | BASEDL[6] | BASEDL[5] | BASEDL[4] | BASEDL[3] | BASEDL[2] | BASEDL[1] | BASEDLI[O0]
8 CHODL[7] | CHODL[6] | CHODL[5] CHODL[4] CHODL[3] CHODL[2] CHODL[1] CHODL][0]
9 CH1DL[7] | CH1DL[6] | CH1DL[5] CH1DL[4] CH1DL[3] | CH1-DL[2] | CH1DL[1] CH1DL[0]
10 CH2DL[7] | CH2DL[6] CH2DL[5] CH2DL[4] CH2DL[3] CH2DL[2] CH2DL[1] CH2DL[0]
1 CH3DL[7] CH3DL[6] CH3DL[5] CH3DL[4] CH3DL[3] CH3DL[2] CH3DL[1] CH3DL[0]
12 CHA4DL[7] | CH4DL[6] CH4DL[5] CH4DL[4] CH4DL[3] CH4DL[2] CH4DL[1] CH4DL[0]
13 CH5DL[7] | CH5DLI[6] CH5DL[5] CH5DL[4] CH5DL[3] CH5DL[2] CH5DL[1] CH5DL[0]
14 CH6DL[7] | CH6DL[6] CH6DL[5] CH6DL[4] CH6DL[3] CH6DL[2] CH6DL[1] CH6DL[0]
15 | CH7DL[7] | CH7DLI[6] CH7DL[5] CH7DL[4] CH7DL[3] CH7DL[2] CH7DL[1] CH7DL[0]
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B CRC and ERROR Register

Table 25 CRC, Calculated CRC and ERROR Register MAP

Register D7 | D6 | D5 D4 D3 D2 D1 DO
CRC CRCJ7:0]
Calculated CRC DSUM[7:0]
Error ERROR][7:0]

Table 26 CRC, Calculated CRC and ERROR Register Function
Transferred CRC data in SDATA
CRC[7:0] CRC initial value = 00000000
CRC polynomial equation is  X8+X5+X*+1
DSUM[7:0] | Calculated CRC values with transferred SDATA signal
When Error has occurred, ERROR register corresponding to error type is set to be “1”.
ERROR[7:3] : Not used.
ERROR[7:0] | ERROR[2]: Threshold over of the junction temperature set in advance.
ERROR[1]: Start and stop address for Tx waveform pattern generation are same.
ERRORI0]: SPI transfer error (CRC un-match) has occurred.

Remark Error[7:0] are cleared when IC is powered on or “EN” becomes form “high” to “low” (fall edge).
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B Pin Configuration

Table 27 Pin Configuration (1/2)

Pin# Pin Name Function
1 LVOUT1 Low voltage output of channel 1
2 LVOUTO Low voltage output of channel 0
3 HGND channel 0 to channel 3 Drive power ground (0V)
4 GND Logic power ground (0V)
5 GND Logic power ground (0V)
6 EN Control of chip enable, H=disable, L=enable (50kQ internal pull-up)
7 FAULT Fault output flag, open N-MOS drain
8 VDD Positive low voltage power supply (+5V)
9 CLKP Positive LVDS/CMOS clock input (up to 100MHz)
10 CLKN Negative LVDS/CMOS clock Input (up to 100MHz)
11 GND Logic power ground (0V)
12 TRIG Tx Trigger signal
13 VLL Positive low voltage power supply (+2.5 to 3.3V)
14 CLKIF I/F selection for CLKP/CLKN, H:CMOS L:LVDS (50kQ internal pull-down)
15 HGND channel 4 to channel 7 Drive power ground (0V)
16 LVOUT7 Low voltage output of channel 7
17 LVOUT6 Low voltage output of channel 6
18 VFP1 Built-in power supply for channel 4 to channel 7 P-MOS (P1) gate drive
19 HVOUT7 High voltage output of channel 7
20 VPP1 Positive high voltage power supply (0 to +100V) for channel 4 to channel 7 P-MOS (P1) Driver
21 VPP1 Positive high voltage power supply (0 to +100V) for channel 4 to channel 7 P-MOS (P1) Driver
22 HVOUTG6 High voltage output of channel 6
23 VPP2 Positive high voltage power supply (0 to +100V) for channel 4 to channel 7 P-MOS (P2) Driver
24 VPP2 Positive high voltage power supply (0 to +100V) for channel 4 to channel 7 P-MOS (P2) Driver
25 VFP2 Built-in power supply for channel 4 to channel 7 P-MOS (P2) gate drive
26 HGND channel 4 to channel 7 Drive power ground (0V)
27 VEN2 Built-in power supply for channel 4 to channel 7 N-MOS (N2) gate drive
28 VNN2 Negative high voltage power supply (0 to -100V) channel 4 to channel 7 N-MOS (N2) Driver
29 VNN2 Negative high voltage power supply (0 to -100V) channel 4 to channel 7 N-MOS (N2) Driver
30 HVOUT5 High voltage output of channel 5
31 VNN1 Negative high voltage power supply (0 to -100V) channel 4 to channel 7 N-MOS (N1) Driver
32 VNN1 Negative high voltage power supply (0 to -100V) channel 4 to channel 7 N-MOS (N1) Driver
33 HVOUT4 High voltage output of channel 4
34 VFN1 Built-in power supply for channel 4 to channel 7 N-MOS (N1) gate drive
35 LVOUTS Low voltage output of channel 5
36 LVOUT4 Low voltage output of channel 4
37 HGND channel 4 to channel 7 Drive power ground (0V)
38 SDOUT SPI serial output data (CMOS)
39 SPIEN Control of SPI Reciver Enable, H=disable, L=enable (50kQ internal pull-up)
40 SDATAP SPI positive serial input data (LVDS/CMOS)
41 SDATAN SPI negative serial input data (LVDS/CMOS)
42 VDD Positive low voltage power supply (+5V)
43 GND Logic power ground (0V)
44 VSS Negative low voltage power supply (-5V)
45 SCLKP SPI Positive LVDS/CMOS clock input (up to 100MHZz)
46 SCLKN SPI negative LVDS/CMOS clock Input (up to 100MHz)
47 CSP SPI positive chip select signal (LVDS/CMOS)
48 CSN SPI negative chip select signal (LVDS/CMOS)
49 HGND channel 0 to channel 3 Drive power ground (0V)
50 LVOUT3 Low voltage output of channel 3
51 LVOUT2 Low voltage output of channel 2
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Table 27 Pin Configuration (2/2)

Pin# Pin Name Function
52 VFN1 Built-in power supply for channel 0 to channel 3 N-MOS (N1) gate drive
53 HVOUT3 High voltage output of channel 3
54 VNN1 Negative high voltage power supply (0 to -100V) channel 0 to channel 3 N-MOS (N1) Driver
55 VNN1 Negative high voltage power supply (0 to -100V) channel 0 to channel 3 N-MOS (N1) Driver
56 HVOUT2 High voltage output of channel 2
57 VNN2 Negative high voltage power supply (0 to -100V) channel 0 to channel 3 N-MOS (N2) Driver
58 VNN2 Negative high voltage power supply (0 to -100V) channel 0 to channel 3 N-MOS (N2) Driver
59 VEN2 Built-in power supply for channel 0 to channel 3 N-MOS (N2) gate drive
60 HGND channel 0 to channel 7 Drive power ground (0V)
61 VFP2 Built-in power supply for channel 0 to channel 3 P-MOS (P2) gate drive
62 VPP2 Positive high voltage power supply (0 to +100V) for channel 0 to channel 3 P-MOS (P2) Driver
63 VPP2 Positive high voltage power supply (0 to +100V) for channel 0 to channel 3 P-MOS (P2) Driver
64 HVOUT1 High voltage output of channel 1
65 VPP1 Positive high voltage power supply (0 to +100V) for channel 0 to channel 3 P-MOS (P1) Driver
66 VPP1 Positive high voltage power supply (0 to +100V) for channel 0 to channel 3 P-MOS (P1) Driver
67 HVOUTO High voltage output of channel 0
68 VFP1 Built-in power supply for channel 0 to channel 3 P-MOS (P1) gate drive

ABLIC Inc.
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@ 68|67 |66|65|64|63|62|61|60|59|58|57|56]|55]|54|53]52
LVOUT1| 1 51 |LVOUT2
LVOUTO| 2 50 |LVOUT3
HGND| 3 49 | HGND
GND| 4 48 |CSN
GND| 5 47 |CSP
EN| 6 46 | SCLKN
FAULT| 7 45 | SCLKP
VDD| 8 44 |VSS
CLKP| 9 43 |GND
CLKN| 10 42 |VvDD
GND| 11 41 | SDATAN
TRIG| 12 40 | SDATAP
VLL| 13 39 | SPIEN
CLKIF| 14 38 | SDOUT
HGND| 15 37 |HGND
LVOUT7| 16 36 |LVOUT4
LVOUT6| 17 35 |LVOUTS5
1811920212223 |24 |25(26|27|28|29|30|31|32|33|34
a Faaecae a2 22 2ZEZZEZ
$328g88888523z253¢
T z T T
Figure 16 Pin Configuration
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B Package
Table 28 Package Drawing Codes
Package Name Dimension Tray Marking Land Packing
QFN-68(1010)B QNO068-B-P QNO068-B-T QN068-B-M QNO068-B-L QN068-B-K

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.

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 17 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.

150°C

25°C

Ramp up rate: 3°C/s max.

More than 217°C

10 s max.

Peak temperature: 260°C

More than 255°C 30 s max.

Ramp down rate: 6°C/s max.

200°C

Ereheat area: 60 to 120 S

A

60to 150 s

A 4

Figure 17 Resistance to soldering heat condition for package (Reflow method)

— Time: 8 min max. to peak ——¥

Time

ABLIC Inc.

Temperature measurement point:
resin surface temperature
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B Important Notice

30

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 of 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.



OCTAL PROGRAMMABLE 5-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-UM5588

W Cautions

1.

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

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 what touch products such as work platform, machine, 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.
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No. QN068-B-P-SD-1.0

TITLE QFN68-B-PKG Dimensions

No. QN068-B-P-SD-1.0
ANGLE | @+
UNIT mm
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TITLE QFN68-B-Tray
No. QNO068-B-T-SD-1.0
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(1) to (10)

11), (1

(13)
(14)

(15)

(16) to (25) :

(A)

2)

: Product code

: Quality control code
. Year of assembly

. Month of assembly

. Week of assembly

Quality control code

: 1-pin mark
No. QN068-B-M-S1-1.0
TITLE QFN68-B-Markings
No. QNO068-B-M-S1-1.0
ANGLE
UNIT | TvPE | LASER
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TITLE QI:-NLgﬁdBRecommendation
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Max. 168 ICs/Tray

IC Index~,/

1
|
\

Tray Index™ N

Empty tray on the top
a}\ 1 Tray = Max. 168 ICs/Box
{P:’ Bands

Humidity Indicator Card ~ \ Label
== 1
\

Solid Desiccant Dry Pack

L
S
N Air cushion

Box
(Cardboard Paper)

\

~ = -

Label
QFN68-B
TITLE -Packing Procedure
No. QNO068-B-K-SD-2.0
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.
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