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S-UM5587EF is a 16-channel programmable 3-level high-voltage ultrasound transmit beam-former.
The S-UM5587EF comprises control logic, waveform memory, delay calculator, level translators, gate drive buffers with
floating voltage regulators, high-voltage, high-current MOSFETS, and active T/R switches.

B Functions
¢ 16-channel programmable 3-level transmit beam-former with active T/R-switch

B Features
¢ 0 to £100V output voltage
¢ +1A source and sink current with 2-mode current control for the high-voltage pulses
¢ +0.5A 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, 80pF load
e Symmetrical positive and negative pulse waveforms for low 2nd order harmonic distortion
¢ 1.8V to 3.3V LVCMOS logic interface
¢ Waveform memory and registers with 100MHz Write /50MHz Read SPI
¢ 0.2us to 41us common delay time range from TRIG signal
¢ 0 to 2.55us 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
¢ 28Q) 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
¢ Power-up/down reset function for free power sequencing and for fail-safe in abrupt power drop
¢ Latch-up free, low crosstalk between channels by SOl CMOS technology
e QFN-68(1010)B: 68-lead 10x10mm QFN package (RoHS compliant)
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Figure 1 Block Diagram
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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 Vi -0.4 to +7 \%
2 | Positive supply voltage Vop -0.4 to +7 \%
3 | Negative supply voltage Vss -7to +0.4 \%
4 | Positive high-voltage supplies Vep -0.5to +105 Vv
5 | Negative high-voltage supplies VNN -105to +0.5 \'
6 |High-voltage outputs (x = 0 to 15) HVourx -105 to +105 \'
7 |Low-voltage outputs (x = 0 to 15) LVoutx -1to +1 \'
8 |Logic output voltage SDOUT, FAULT -04 to +7 \Y

EN, CLKIF, CLKP, CLKN,
TRIG, SPIEN, CSP, CSN,

9 |Logic input voltages SCLKP, SCLKN, -0.4to +7 \Y
SDATAP, SDATAN

10 | Operating junction temperature Tiop -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 Vi 1.71 | 1.81t03.3 3.6 Vv
2 |Positive supply voltage Vob 4.75 5 5.25 \%
3 | Negative supply voltage Vss -5.25 -5 -4.75 \%
4 | Positive high-voltage supplies Vep 0 - 100 \Y,
5 | Negative high-voltage supplies VNN -100 - 0 \Y,
6 |IC substrate voltage ™ Vsus - 0 - \%
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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16-CHANNEL PROGRAMMABLE 3-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
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2. Logic inputs and outputs
21 LVDS differential logic inputs

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

No. ltems 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{zgeentrﬁ;lpm VDIFF(range) 0.13 0.35 0.49 | *V |Same as voltage swing
4 E;f;irf;trl)zla::r;lxixgltage VoIFFeon) 0.26 07 098 | Voo \[/);T:z;eeng\?vlirr])geak-to-peak absolute
5 'r:g;:’r‘:;zgee common Vikewr | 0.84 12 | 156 | v
High-level input current IH - - 5.8 mA
Low-level input current I - - 5.8 mA
Input rise/fall time tr, tr - - 600 ps |20% to 80% of Voirr
Input clock frequency (Tx) foik - - 100 | MHz |CLKP/CLKN, SCLKP/SCLKN
9 - - 100 | MHz |SCLKP/SCLKN (Write mode)
Input clock frequency (SPI) fscik
- - 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 2.5 - - ns |CS to SCLKrise
12 |CS hold time tHLD_Cs 2.5 - - ns |CS to SCLKrise
1043 Tscik - - ns |Data write to memory
1050 Tscik - - ns [Data read from memory
91 Tscik - - ns [Data write to 9Byte register
13 |CS width tw_cs 108 Tscik - - ns [Data read from 9Byte register
243 Tscik - - ns |[Data write to 28Byte register
250 Tscik - - ns |[Data read from 28Byte register
26 Tscik - - ns |[Data read of other register
14 |SDATA setup time tsu_spATA 2.5 - - ns |SDATA to SCLK rise
15 |SDATA hold time tHLD_sDATA 2.5 - - ns |[SDATA to SCLK rise

Remark: External termination Resister (100Q) is necessary for LVDS I/F differential inputs.
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16-CHANNEL PROGRAMMABLE 3-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 "3
EN, CLKIF, TRIG, SPIEN, SDOUT

No. Items Symbol Min. Typ. Max. | Units Condition
1 | High-level logic input voltage ViH 0.8Vl - 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 ™ IH -10 - 10 pA
5 |Logic input low current "2 I -10 - 10 MA
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_TRFtockr ns
1.5 - - CMOS clock
9 |TRIG width tw_TrRIG 3Teok - - ns
10 |High-level logic output voltage Vo 0.8ViL - Vio V | SDOUT
11 |Low-level logic output voltage VoL 0 - 0.2V | V |SDOUT
12 |Logic output off leak current loFFLEAK -10 - 10 MA | SDOUT Hi-Z output
8 12 18 ns |V = 1.8V, 10pF load
13 |SDOUT Propagation delay to_spout 7 11 17 ns |V = 2.5V, 10pF load
6 10 16 ns | Vu = 3.3V, 10pF load

*1. CLKIF has 50pA leakage at VL= 2.5V due to 50kQ internal pull-down resistor.
*2.  EN, SPIEN has 50pA leakage at VL= 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..
(Vu/2).

2.3  Open drain output

Table 5 FAULT

No. ltems Symbol Min. Typ. Max. | Units Condition
1 |Pull-up voltage VPUFAULT - - Vio V |Connected to VL. with R1
2 |Output low voltage VoLFAULT - - 0.5 V  |Active, VL= 2.5V, R1 = 2.5kQ
3 |Output current IFAULT - 1.0 - mA |ViL= 2.5V, R1 =2.5kQ
4 |Off leak current loFFLEAK -10 - 10 MA |Disabled (Hi-Z)
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24 Logic inputs timing chart
241 LVDS clock inputs

CLKP CLKN
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Figure 2 Differential Input Voltage Range (Voirr(range))
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Figure 3 Differential Input Voltage Peak to Peak Swing (Vbirr(p-p))
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2.4.3 SPIinputs and setup/hold time
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Figure 6 Read Data from Waveform Memory or Registers
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2.4.4 Note on CSP rise timing
csp |
SCLKP _U_I_:‘I?U—U—U—IJ—IJ—U—IIU—I_I_LI_U_LI_IIU_LI_IIU_I_.........4....._|_|_I_I_|_LI_|_|_|_|_I_|_I_I_I_|_|_I_I_I_|_
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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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W Typical Application Circuit
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Figure 8 Typical Application Circuit

Remark C1 to C8: Ceramic capacitors of 2200V 0.1uF to 1uF
C9 to C12: Ceramic capacitors of 216V 10uF
C13 to C20: Ceramic capacitors of 216V 0.1uF
R1: 2.5kQ
R2 to R5: 100Q (for LVDS)
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B Electrical Characteristics
1. Operating supply currents

Table 6 Operating Supply Currents (1/2)

Vi = 2.5V, Vop/Vss = 5V, Ta = 25°C, CLKP/CLKN = 100MHz, HVour load = 80pF//100€, LVourt load = 200pF//300%,
unless otherwise specified.

N It Symbol Spec Units Conditi
0. ems ymbol — Typ. | Max. onditions
1 Vi current SPIEN =H | - 0.05 - mA
. SPIEN = L e Tt [ - [ mA |
2 | Voo current SPIEN = H I — o — mA S;I?S;:erg' Cutr;ent-1
DD SPIEN = L DDQD — 14 — mA = 1 (Disable) .
3 v " | — 10 — oA Current mode 1 (CC ="1’)
55 CUTren SSab ' Vpp/Van = £100V
4 |Vpe current IpPaD - 0.1 - mA
5 |Vnn current INNQD - 0.1 - mA
6 Vi current SPIEN = H | - 0.10 - mA
H SPIEN =L Lo — o5 - | mA
SPIEN = H, ~ 9 o
CLKIF = H (CMOS)
SPIEN =H
’ - 11 - mA i _
CLKIF = L (LVDS) Quiescent current-2
7 | Voo current lobae EN = 0 (Enable)
SPIEN=L, - 16 - mA |Current mode 1 (CC ='1")
CLKIF = H (CMOS)
SPIEN = L Vep/VNN = £100V
oo - 18 - mA
CLKIF = L (LVDS)
8 |Vss current Issae - 1.0 - mA
9 |Vep current IpPQE - 0.3 - mA
10 | Vnn current INNQE - 0.3 - mA
11 Vi current SPIEN =H | - 0.10 - mA
H SPIEN = L LW 17045 | — | mA
SPIEN = H, ~ 10 o
CLKIF = H (CMOS) PW operating current
SPIEN =H, _ 13 _ mA EN=0
CLKIF = L (LVDS) Current mode 1 (CC ='1")
12 |Vop current IooPw .
SPIEN =L, _ 18 _ mA 16-channel active
CLKIF = H (CMOS) Bipolar 3-level 2-cycle
SPIEN =L, _ 21 B mA f=5MHz, PRT = 200us
CLKIF =L (LVDS) Vep/VNN = £60V
13 | Vss current Isspw - 2 - mA
14 |Vep current lpPPw - 8 - mA
15 | VNN current INNPW - 9 - mA

ABLIC Inc. 9
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Table 6 Operating Supply Currents (2/2)

Vi = 2.5V, Vop/Vss = 5V, Ta = 25°C, CLKP/CLKN = 100MHz, HVour load = 80pF//100LQ, LVour load = 200pF//300Q
unless otherwise specified.

N It Symbol Spec Units Conditi
o. ems ymbo Min. Typ. Max. onditions
SPIEN =H - 0.1 - mA
16 | VLL current SPIEN = L ILLows ~ 015 ~ mA
SPIEN =H, _ 181 _ mA
CLKIF = H(CMOS) CW operating current-1
SPIEN =H, _ 185 _ mA EN = 0, CKDIV[1:0] = 10
CLKIF = L(LVDS) Current mode 3 (CC=1")
17 |Vop current Ibbcws .
SPIEN =L, _ 189 _ mA 16-channel active
CLKIF = H({CMOS) Bipolar 3-level Continuous
SPIEN =L f=5MHz
’ - 193 - mA
CLKIF = L(LVDS) Vep/VNN = 25V
18 | Vss current Isscw3 - 34 - mA
19 | Vep current IpPcw3 - 360 - mA
20 [Vnn current lpPcws - 380 - mA
SPIEN = H - 0.1 - mA
21 |VLL current SPIEN = L ILLow2 ~ 015 ~ mA
SPIEN =H, _ 171 _ mA
CLKIF = H(CMOS) CW operating current-2
SPIEN =H, _ 175 _ mA EN =0, CKDIV[1:0] = 10
CLKIF = L(LVDS) Current mode 2 (CC=0")
22 |Vob current Ibbew2 ,
SPIEN =L, _ 179 _ mA 16-channel active
CLKIF = H({CMOS) Bipolar 3-level Continuous
SPIEN =L f=5MHz
’ - 183 - mA
CLKIF = L(LVDS) Vep/VNN = 25V
23 |Vss current Isscw2 - 26 - mA
24 [Vep current IpPcw2 - 310 - mA
25 |Vnn current INNCW2 - 330 - mA
10 ABLIC Inc.
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S-UMS587EF

2,

Static characteristics

Table 7 Static Characteristics

Vi = 2.5V, Voo/Vss = 5V, Ta = 25°C, VFP[2:0] = 000, VFN[2:0] = 000, DRVPADJ = 0, DRVNADJ = 0, unless otherwise

specified.
Spec ) .
No. ltems Symbol - Units Condition
Min. Typ. Max.
1 | HVourx output voltage range HVoutx -100 - +100 \%
B 10 A Vpep/VNN = 260V,
' - Current mode 1 (CC = 1
2 | HVourtx high-side peak current loH - ( )
3 05 _ A Vpepr/VNN = 260V,
’ Current mode 0 (CC = 0)
3 HVourx high-side GND clamp loHcL - 0.5 - A | Vep/VNN = 260V
peak current
3 10 3 A Vpepr/VNN = 260V,
4 | HVourx low-side peak current | . Current mode 1 (CC = 1)
o P o " [ es | _ T A [Veevm=se0v,
' Current mode 0 (CC = 0)
5 HVourx low-side GND clamp oLl : 05 _ A | Vep/Vin = £60V
peak current
- 18 - Q I(?:r:el(t)(r)r:rclgé 1(CC=1)
6 |HVourx high-side on-resistance RonH
3 31 3 Q lon = 100mA,
Current mode 0 (CC = 0)
7 | HVeurx high-side GND clamp RowwoL | - 34 - Q  [locL = 100mA
on-resistance
_ 17 _ 0 loL = 100mA,
. . Current mode 1 (CC =1)
8 |HVourx low-side on-resistance RonL
3 30 _ 0 loL = 100mA,
Current mode 0 (CC =0)
9 HVOUT?( low-side GND clamp RontcL - 33 - Q loLcL = 100mA
on-resistance
10 | HVoutx off-capacitance CHvorF - 17 - pF | TXoutx = GND, TRSW = off

ABLIC Inc.
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3. Dynamic characteristics

Table 8 Dynamic Characteristics

Vi = 2.5V, Vop/Vss = 5V, Ta = 25°C, CLKP/CLKN = 100MHz, VFP[2:0] = VFN[2:0] = '000’, HVour load = 80pF//100%,
LVourt load = 200pF//300€, unless otherwise specified.

Spec ) -
No. Items Symbol — Units Condition
Min. | Typ. | Max.
1 | Output frequency fout - | 20 - | MHz
2 | Output rise propagation delay tar - 40 - ns
3 | Output fall propagation delay taf - 40 - ns
4 | Output rise propagation delay clamp tarcL - 40 - ns
5 | Output fall propagation delay clamp tafcL - 40 - ns
6 |Propagation delay matching Atg - 1 +3 ns
- 13 - ns |[CC=1
7 | Output rise time b - 21 - ns [CC=0
treL - 9 - ns
. - 13 - ns |[CC=1
8 | Output fall time - 21 - ns [CC=0
trcL - 9 - ns
9 | 2nd harmonic distortion HD2 - | 40 - dBc
. HDPC | - | -40 - dBc |Bipolar, 2-cyc, four = 5MHz
10 | Pulse cancellation
HDPC2 | — | -40 - | dBc
11 | RMS output jitter t - 10 - ps |Bipolar CW, four = 5SMHz, Vpp/VNN = £5V
12 | Crosstalk between channels XTLK - | -70 - dB |foutr = 5MHz, 10V-p, HVour load = 50Q

12 ABLIC Inc.




16-CHANNEL PROGRAMMABLE 3-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
Rev.1.0 oo S-UMS587EF

4. Integrated Peripheral Circuits Characteristics
4.1 TIR Switch characteristics

Table 9 T/R Switch Characteristics
Vi = 2.5V, Vop/Vss = 5V, Vep/Vn = 260V, Ta = 25°C, unless otherwise specified.

Spec ) "
No. Items Symbol Min. Typ. Max. Units Condition
1 | LVoutx output voltage range LVourx | -0.85 - +0.85
2 | TRSW on-resistance RonTrR - 28 - Q HVoutx = 100mV, LVoutx = 0V
3 | TRSW on-capacitance Contr - 7 - pF |LVourx =0V
4 | TRSW off-resistance on HYOUTx | RorrTrAV 1 - - MQ
5 | TRSW off-resistance on LVOUTx RoFFTRLY 8 10 12 kQ
Spike voltage on HVoutx and _ _ 80pF//100Q load on HVouTtx
6 | LVourx VRN 10| mVee | 00pF//300€ load on LVour
[ _ _ 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
VL = 2.5V, Vop/Vss = £5V, Ta = 25°C, unless otherwise specified.
Spec , .
No. ltems Symbol Min. Typ. Max, Units Condition
1 | ASW on-resistance Ronasw - 250 - Q
4.3 HV Blocking Diode
Table 11  HV Blocking Diode Characteristics
VL = 2.5V, Vop/Vss = £5V, Ta = 25°C, unless otherwise specified.
Spec . -
No. ltems Symbol Min, Typ. Max. Units Condition
- d volt Y - 1.0 - V  |lF=100mA
orward voltage
9 Frve - 1.2 - V  |Ir = 200mA
2 |Reverse voltage VRHVD 200 - - Vo |lr=1pA
4.4 LV Noise-cut Diode
Table 12 LV Noise-cut Diode Characteristics
VL = 2.5V, Vop/Vss = £5V, Ta = 25°C, unless otherwise specified.
Spec . i
No. | I
o] tems Symbo Min. Typ. Max. Units Condition
1 e d volt Vv - 1.1 - V  |lF=100mA
orward voltage
g e - 1.25 - V  |Ir = 200mA
4.5 Thermal Protection
Table 13 Thermal Protection Characteristics
VL = 2.5V, Vop/Vss = £5V, Ta = 25°C, unless otherwise specified.
Spec . "
No. I |
o tems Symbo Min. Typ. Mo, Units Condition
90 110 120 THPCTL[1:0] = 00
120 130 140 THPCTL[1:0] = 01
1 | THP temperature threshold Tthp °C
140 150 160 THPCTL[1:0] = 10
120 130 140 THPCTL[1:0] = 11 (THP is disabled.)
2 | THP reset hysteresis THysTHP 5 10 20 °C

ABLIC Inc. 13
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B Operation Mode

Table 14 Operation Mode

. . +» | SPI LVDS| Memory | Memory | Register| Register| .
1 2
Section| EN | CSP|SPIEN"| TRIG| Tx-PT(x) Receiver| Write | Read | Write | Read Tx | Rx Operation Mode
0 Bi
A1) o0 x x ason . - - - — | = | = |ic disabled
1 Bias off
0 Bias on v v - v IC disabled,
B 1 1 X X . - — | W/R of Memory
1 Bias off | - B B B and Read of Register
0 Bias on v 4 4 v Rx, W/R of Memory or
C 0 1 x x i — | v"3|Register,
1 Bias off | — B B B Reset of Tx Operation
0 Bias on « | Rx & Reset of Tx
_ _ _ _ _ | s
D 0 0 1 1 X Bias off Operation
0 Bias on
E 0| O 0 |G ted - - - - v T
1 enerate Bias off X
F 0| o 0 0 none Bias on V73 Rx
1 Bias off

*4. 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.)

*2. Tx-PT(x): Tx pattern signal of ch(x)

*3. Individual register parameter on Tx/Rx active channel (TXACT[x] and RXACT[x]) is necessary to be set “1”.

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

N B WH HJd FED HF E_ H d B DEE._ F DHE H
1 3 3 fwiteto] | 3 3 fwriteto | R o
EN e} Reaser o I N
: Memory(WFM) I “Cleaf Register & Errof codg ! : ] ]
csp [ L+ | | | : [ | ‘

Preset Delay i | | : Preset Delay : Preset Dela|
TRIG ! : : : [ ; ;

| Tx Reset i TxReset 1 : | Tx Reset 1

3Lp(i-|r-];:g\-/r?x(];2:; ono_ ‘ ‘ ‘ _ XBurstX on ‘ _ GND GND

3LP in disabled ch-x
(TXACTI[x]=0)

TRSW in active ch-x : : : : : — : : : : : : 3 ; — 3 3
(RXACT()=1) ——— — — 3 OffX _& _ = on

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

IC status

Figure 9 An Example of Operating Sequence

14 ABLIC Inc.
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B SP| Header Configuration

Table 15 SPI Operation

SDATA Control Header (First 1Byte of SDATA)
SPI operation

D7 DO
(MSB) D6 D5 D4 D3 D2 D1 (LSB)

0 0 0 0 Write to the first 9Byte (R#0 to R#8) Control Registers and
CRC[7:0]

0 1 0 0 Write to all 28Byte Control Registers and CRC[7:0]

1 0 0 0 N/A

1 1 0 0 Write to Memory and CRCJ[7:0]
Read from the first 9Byte (R#0 to R#8) Control Registers and

0 | 0 ) 0| 1 0000 CRC[7:0] e | : ?

(Reserved) )

0 1 0 1 Read from all 28Byte Control Registers and CRC[7:0]

1 0 0 1 N/A

1 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

ABLIC Inc. 15




16-CHANNEL PROGRAMMABLE 3-LEVEL HIGH-VOLTAGE ULTRASOUND TRANSMIT BEAMFORMER
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B Access to Memory or Registers with SPI

1. SPI write to memory or registers operation

S |_
i€— Header (1Byte) —><—— Transfer data (Memory 128Byte , Register 28Byte)}———><—— CRC (1Byte) —ie—>
! (operation command) Memory #0 i i Memory #127 §+3cycle
3 '\, (Register#0) 1 . (Register#8or27) CRC[7:0] ! ;
iD7 DoD7 DOD7 DO D7 DGD7 Do; 3
SDATA — XXX X OO XX XX KOO O L OOOO0———
solk — Uiy LT MLl'Ll'Ll'Ll'Ll'Ll'Ll'LFLl'LI'LI'LI'LI'LI'LI'LI'LI'LI'U‘LFL
(Hi-2) i i | |
SDOUT ‘ : ‘ ‘

Figure 10 Sequence of Writing to Memory or Registers with SPI

Remark < CRC Conditions>
CRC initial value = 00000000
CRC Polynomial equation is  X8+X3+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

%) ; i

e ——

g cs _I oy ; P

5 i«<—Header (1Byte) "—i¢— wait (8.5cycle) —><«——Read data (Memory or Register and last CRC(2)) —————>i«—>!

> ! (operation command) ! (1.5cycle)

o] ; ‘ ; :

g iD7 DO P

x  spATA—COOOCOO0O0O : —

%) b : : : : P

o - - : i ‘ Lo

> SCLK :

2 __|: l_||_||_|UUUUUUUUUUUUUUUUUUUUUU[ .................... JUUUUUUUUUUUUUL

Pl P ; Memory #0 Memory #127/ P

‘g’_ = P (Register #0) i  (Register #8 or 27)| last CRC (1Byte) P
SE P (Hi-Z) Do iD7 DOD7 DOD7 DO i(Hi-Z)
32 spour —— — Soo00000O0OBO0000000——
n L Lo - : : : !

© P P : : ;
S G o —— - I | L
o2 (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.
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B 3LP+TRSW Operation Example

i i i i Write to | = i Write to i i i i =
EN — e Tk Reoster E Rl 1L B B
; Memory(WFM) Clear Register & Error codg ] | | '
CSP I I 1 1 1 1
Preset Delay i i i : i Preéet Deléy i Pres‘et Dela}
TRIG il e Freset oo

IC status

TxReset | 1 : : i Tx Reset | : Tx Reset |

oD

3LP in active ch-x ' : . : i i ! ! L | |
(TXACTIX|=1) —— Aews X kR — A — =
3LP in disabled ch-x  g\p

(TXACT[x]=0)

TRSW in active ch-x = off
(RXACT(x)=1)

X o Yo X "o XX o XKoo

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

Figure 12 An Example of IC State Timing Diagram and 3LP Operation

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 vz ltem D7 D6 D5 D4 D3 D2 D1 Do__|
N Pulse #0 CODEO CODEO wo Wo wo Wo wWo wo
CODE_[1:0] = output state (tHV, GND) see Truth Table START[6:0P> [ ao| iol O | ul 0
—L ” T | Puses1 | CODET | CODET Wi Wi
Pulse width = 5nsx(W_[5:0]+2) (decimal, 10ns to 325ns) N A A A .
START [6:0] = starting address STOP[E:01>L & Il teaas |l Ty 0] 5] () 3] 2l i1 [0l |
STOP [6:0] = stopping address . . . . . . . : : :
Repeat count(s) = 1, 1xREPEAT[7:0], 1xREPEAT[7:0], CW R N N Il vl e Il I
CW mode ends with CS =1 or TRIG = 1. Register [Rr# Dr D6 D5 D4 D3 D2 D1 DO
resewed\l START[6] | START[5] | START4] | START[3] | START[2] | START[1] | START[O)
reserved STOP[6] STOP[5] STOP[4] STOP[! STOPI2] STOP[1] STOP[0!
. TS TC CROWVI | CKl Q@ THPCTLIT | THPCT
Generatlng Tx Delay (1 GCh) 3 | REPEAT[7] | REPEAT[6] RE;EIZ'GFS REPEAT[4] | REPEAT[3] | REPEAT[2] | REPEAT[1] | REPEATIO]
H - 4 DRVPADJ VFP[2] VEP[1] VEPIO] DRVNAD, VEN[2] VEN[1 VENIO]
CHx delay time from TRIG fall edge = BASE-DELAY + CHx-DELAY DTS [ TACT | T TXA%‘H i TxMij I Do J@ DACTIT
- . TXACT[T7] TXACTI6] TXACTIS] TXACT[4] TXACTI[3] TXACT[2] TXACT[1 TXACTIO]
BASE-DELAY(common) - 160nSX(BASEDL[7O]) +200ns RXACT][15] | RXACT1L]4 RXACTHUS] RXACT[12] | RXACT[11] | RXACT[10] RXACi‘gl]_ RXAC&
1 RXACTI7] RXACTI6] RXACTIS] RXACTI4] RXACTI3] RXACT[2 RXACTI1] RXA
(deC|maI, OZHS to 41 “S) BASEDL[7] | BASEDL[6] | BASEDL[5] | BASEDL[4] | BASEDL[3] BASJEDL[A] BASJEDLU] BAS&){%-
CHxDELAY(oh) =Snsx(CHXOLBO) fcee tome o Toma Lo | oons | ooun ! ey
. . (X - 0 » aecimal, 0 2. “S) 2% CHMDL@] CHMDL@ CHMDL[A] CH14‘DL[3] CH14‘DL[2] CH14‘DL[1] CH14‘DL[O] CHISOLE
Delay time resolution = 5ns 27 | CH15DL[7] | CH15DL[6] | CH15DL[5] | CH15DL[4] | CH15DL[3] | CH15DL[2] | CH15DL[1] | CH15DL[0]

ABLIC Inc. 17
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H Truth Table

Table 16 Truth Table

. ) WFM Control CHx TLP
IC status External signal Intemal Control Register CODE[1:0] Register MOSFET/ASW/TRSW status CHx Output state
Tx-PT(x) 2500
mode SPI EN cs | TRIG CHx_TX|CHx_RX| [1] [0] INV | P1 N1 Pd Nd | 25w | TRSW | TXOUT: [LVOUT.
A |G disabled no op. 1 0 x none x x x x x OFF OFF ON ON ON OFF GND 10kQ
" Isable
B Mem. W 1 1 x none x x x x x OFF | OFF | ON ON ON | OFF | GND | 10kQ
Memory 0 1 x none 0 0 x x x OFF | OFF | ON ON ON | OFF | GND | 10kQ
o | Rx& xReset W/R 0 1 x none 0 1 x x x | oFF | oFF | oN | oN | oN | oN | oND |HvouT,
or
by SPIWR | pegister |0 1 x none 1 0 x x x OFF | OFF | ON | ON | ON | OFF | GND | 10kQ
W/R 0 1 x none 1 1 x x x OFF | OFF | ON ON ON ON GND  [HVOUT,
0 0 1 none 0 0 x x x OFF | OFF | ON ON ON | OFF | GND | 10kQ
b | Rx & Tx Reset 0 0 1 none 0 1 x x x OFF | OFF | ON ON ON ON GND [HVOUT,
no op.
By TRIG P 0 0 1 none 1 0 x x x OFF | OFF | ON ON ON | OFF | GND | 10kQ
0 0 1 none 1 1 x x x OFF | OFF | ON ON ON ON GND [HVOUT,
0 0 0 Gen. 1 x 0 0 x OFF | OFF | ON ON ON | OFF | GND | 10kQ
0 0 0 Gen 1 x 0 1 0 ON | OFF | OFF | OFF | OFF | OFF | +HV | 10kQ
e T 0 0 0 Gen. 1 x 0 1 1 OFF | ON | OFF | OFF | OFF | OFF | -HV | 10kQ
X no op.
P 0 0 0 Gen 1 x 1 0 0 OFF | ON | OFF | OFF | OFF | OFF | -HV | 10kQ
0 0 0 Gen. 1 x 1 0 1 ON | OFF | OFF | OFF | OFF | OFF | +HV | 10kQ
0 0 0 Gen 1 x 1 1 x N/A N/A
. R 0 0 0 none x 0 x x x OFF | OFF | ON ON ON | OFF | GND | 10kQ
X no op.
i 0 0 0 none x 1 x x x OFF | OFF | ON ON ON ON GND  [HVOUT,
Remark x: Don't care
Table 17
Current | ¢ DRVP DRVN IOUTIA]
mode ADJ ADJ P1 N1
0 0 0.5 0.5
0 1 0.5 0.6
0 0
1 0 0.6 0.5
1 1 0.6 0.6
0 0 1 1
0 1 1 1.05
1 1
1 0 1.05 1
1 1 1.05 1.05

18
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Table 18
VFPCTL VPP-VFP
2 | 1| [0 V]
0| o 0 5
0| o 1 5.15
0 1 0 5.3
0 1 1 5.45
1 0 0 5
1 0 1 4.85
1 1 0 4.7
1 1 1 4.55
Table 19
VFNCTL VEN-VNN
2 | 1| [o vl
0| o 0 5
0| o 1 5.15
0 1 0 5.3
0 1 1 5.45
1 0 0 5
1 0 1 4.85
1 1 0 4.7
1 1 1 4.55
Table 20
THPCTL THP Tx reset FAULT
Threshold function Indication
(1] [0] [degC]
0 0 110 ON ON
0 1 130 ON ON
1 0 150 ON ON
1 1 130 OFF ON
ABLIC Inc. 19
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B Timing Chart
Control Registers
START[6:0] = n
STOP[6:0] = n+1

100MHz dual clock(external)

TCLK
>«

Load Load
WFM  WFM
M#n M#n+1 Pattem end

ke mmmmmmmmmmwmmmmmwwwm

CLKN

TRIG

Generated
Wave Pattern
(common)

Ch(x) TXOUT
(TXACT[x]=1)

Ch(x) TXOUT
(TXACT[x]=0)

Ch(x) TRSW
(RXACT[x]=1)

Ch(x) TRSW
(RXACT[x]=0)

—!:,L—zzf

0y [—
‘ ¥ :
Hw_Trls (>3 X Tow) ' o 1
1 10Tk ¢ Tworn= NDI\/ x TCLK/2 x (W“[53O]"’2) 3
)) i 1 «
GND +TRSW on CODEn CODEn+1 GND +TRSW on
Yy [1:0] [1:0] i >
3 S ; 3 3 R
DE,ASE BASE-DELAY (common) (16 x Nppy X BASEDL+18 x ND|V+2) XTo » BASEDL(O to 255) is decimal number of BASEDL[7:0]
(—'—) :
DDCHANNEL CH -x DELAY delta (each channel) = ND,VX Tokl2 % CHxDL CHxDL(O to 511) is decimal number of CHxDL[8 0]
» P
€

.

X GND

GND ><+HV/ H\/><

A «
Ly 2
A
N GND
P : : «
: P 10X Tk :
— — i 2
. on X off X on 5
! > P ! >
‘ D) Off >

Figure 13 An Example of 3LP State Timing Diagram with Register TXACT[x] & RXACT[x] (x = 0 to 15)

20
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B Tx Burst Timing Chart

Generated

00 |
Rx | — X X Rx )

WF Pattern

<—> Automatic pre turn-off sequence of TRSW before Tx(=10 X T¢ )

Base-delay(=0.2us to 41ps) : 0.16ps X BASEDL+0.2us
: note: BASEDL (=0 to 255) is decimal number of BASEDL[7:0]

GND ; /FHAVI-AV
; \_/GND /

HVOUTO

CHO T/RSW

On/Off ) — e On/Off )

«€«—> CHO Delay delta(=0 to 2.55ps): 5ns x CHODL
note: CHODL (=0 to 511) is decimal number of CHODL[8:0]

GND (VA
N_LGND _/

HVOUT(x)

CH(x) T/RSW

On/Off ] Vo ¢ On/Of )

<—> CH(x) Delay delta(=0 to 2.55us): 5ns X CHxDL
: note: CHxDL (=0 to 511) is decimal number of CHxDL[8:0]

HVOUT15

GND 3 /TIVIEV
' N_/GND _/

CH15 T/RSW

On/Off ] Y Of ¢ On/Off )

Figure 14

<—> CH15 Delay delta(=0 to 2.55ps): 5ns X CH15DL
1 note: CH15DL (=0 to 511) is decimal number of CH15DL[8:0]

An Example of 3LP State Timing Diagram with Register BASEDL[7:0] & CHxDL[8:0] (x = 0 to 15)

ABLIC Inc. 21
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B Tx Propagation Delay and Rise/Fall Time Definition

TRIG [ L

i Base-delay + ch(x) delay delta

& : ' E E i : |
ch(x) Tx Jod GND X v X v X +v X eno X v X GND
Pattern $ i I ' , i |
10XTok ! i i 1 i |
ch(x) Rx S
Pattern & X.
> '
Rx
HVourx
(x=0 to 15) gg

' thRON

i atRoFF |
LVourX ! i
(x=0 too%) /v\gM ./\

Figure 15 Tx Propagation Delay and Rise/fall Time
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B Tx Pulse Width and Delay Control Table

Table 21 Tx Pulse Width and Delay Control Table

Spec
No. ltems Symbol ) Units Note
Min. | Typ. | Max.
Now = 1 10 - 325 Twiotr [ns] = Nowv xTewk/2 x (WIDTHXx + 2)
1 | Tx pulse width | Npv = 2 TwipTH 20 - 650 ns |WIDTHx( = 0 to 63) is decimal number of
Now = 4 40 _ 1300 WIDTHXx[5:0] in memory #x, x = 0 to 127
Now =1 - 5 -
Tx pulse width _
2 resolution Nowv =2| ATwtH - 10 - ns | ATwibtH = NoivxTcLk/2
Now =4 - 20 -
Base dela Now =1 0-2 ~ il Dcom=(16xNpivxBASEDL+18xNpv+2)xTcLk
3 y Now =2 Dcom 0.38| — | 8198 | ps |BASEDL(=0to255)is decimal number of
Range BASEDL[7:0]
Now = 4 0.74| - |163.94 '
Now =1 - | 0.16 -
4 Base d.elay Nopiv = 2 ADcom - 1032 - Ms | ADcom = 16%NpivxTcik
resolution
Now =4 - | 0.64 -
CHx delay Noiv = 1 0 — | 2555 DDcHaNNEL = ND|VXTCLK/2XFJHXDL
- CHxDL(=0to 511)is decimal number of
5 |deltarange |Now =2| DDcranner | O - | 9110 | ns
-0to 15 CHxDL[8:0]
(x=01t015) INpy =4 0 | - [10220 x=0to 15
CHx delay Now = 1 - 5 -
delta -
6 . Noiv = 2| ADDcHaNNEL| = 10 - ns | ADDcHanneL = NoivxTeik/2
resolution
(x =0 to 15) Now = 4 - 20 -
Remark Now(=1,2,4)is internal clock dividing factor with Register CKDIV[1:0].
CKDIV[1:0] =00 :Nowv=1
CKDIV[1:0] =01 *Nowv =2
CKDIV[1:0] =10,11 :Nbv =4

ABLIC Inc.
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B Memory Map
Table 22 Memory Map
Memory # D7 | D6 D5 D4 D3 D2 D1 DO
0 CODEOQ[1:0] WIDTHO[5:0]
1 CODE1[1:0] WIDTHA1[5:0]
2 CODEZ2[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]

Remark 1. In Memory Map, each 1-byte code consists of upper 2-bit CODEXx[1:0] and lower 6-bit WIDTHx[5:0].Suffix “x”
corresponds to 1-byte Memory number (x = 0 to 127).
2. CODEXx[1:0] stands for an output state of Tx burst as shown in “Truth Table”.
3. WIDTHx[5:0] expresses the pulse width (TwiotH) which is calculated as follows.
TwiotH [Ns] = Nowv xTeik/2 x (WIDTHx + 2)
4. Where, Tcwk is the CLKP/CLKN clock period, WIDTHx( = 0 to 63) is decimal number of WIDTHx[5:0] and
Nowv( = 1,2,4) is internal clock dividing factor with Register CKDIV[1:0].
5. Incase of 100MHz CLK,
CKDIV[1:0] =00 :Now =1, TwotH [ns] is 10ns to 325ns (5ns step).
CKDIV[1:0] =01 :Now = 2, TwiotH [ns] is 20ns to 650ns (10ns step).
CKDIV[1:0] = 10,11  : Now =4, Twiotn [ns] is 40ns to 1300ns (20ns step).

24 ABLIC Inc.
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B Register Parameter Function

Table 23 Register Parameter Function

ltems Register type function
WFM Read Address(start) START[6:0]| common Starting address of the Waveform Memory for generating the Tx
waveform pattern
WFM Read Address(stop) STOP[6:0] | common Stop address of the Waveform Memory for generating the
Tx waveform pattern
TX Waveform control INV common |Inversion control of generating Tx waveform pattern
. Multiplying factor selection for REPEAT[7:0]
Wave generation Repeat control(1) | MUL-RPT | common (1: 1xREPEAT[7:0] , 0: 16xREPEAT[7:0])
Tx driver current control CcC common |P1/N1 Tx driver current control (0 = 0.5A, 1 = 1A)
- ) Internal clock dividing factor “Noiv” selection
Tx clock dividing CKDIV[1:0]| common (00:Now = 1, 01:Now = 2, 10 or 11 :Now = 4)
P1 Driver adjustment DRVPADJ | common |0: none, 1: Add 0.1A to P1 driver current
N1 Driver adjustment DRVNADJ | common [0: none, 1: Add 0.1A to N1 driver current
VFP[2] = 0: VPP1-VFP1 (= 5to 5.45) :
. ) 5+0.15xVFP, VFP is decimal number of VFP[1:0]
Built-in power supply control for P1 VFP[2:0] | common VFP[2] = 1: VPP1-VFPA( = 4.55 t0 5) :
5-0.15xVFP, VFP is decimal number of VFP[1:0]
VFN[2] = 0: VFN1-VNN1 (=5 to 5.45) :
- ) 5+0.15xVFN, VFN is decimal number of VFN[1:0]
Built-in power supply control for N1 VFN[2:0] | common VFN[2] = 1: VFN1-VNN1( = 4.55 to 5) -
5-0.15xVFN, VFN is decimal number of VFN[1:0]
THP detection control THPCTL common THP detection control
[1:0] (00: 110°C, 01: 130°C, 10: 150°C, 11: Disabled)
. REPEAT .
Wave generation Repeat control(2) [7:0] common |Repeat counts control of Tx waveform pattern generation
. TXACT Active channel control in Tx,
Active channel control for Tx [15:0] /channel TXACTIx] corresponds to ch(x) in Tx
Active channel control for Rx RXACT /channel Active channel control of T/R-SW,
[15:0] RXACTIx] corresponds to TRSW of ch(x)
Tx offset delay (common to all channel) :
TX delay control (1) BASEDL common (16xNoivxBASEDL+14xNpiv+2)xTeLk
y [7:0] BASEDL( = 0 to 255) is decimal number of BASEDL[7:0],
Tcik is external clock period.
Tx delay for each channel x (x = 0 to 15) : CHxDLxNbiv xTcix/2
TX delay control (2) CHXxDL][8:0]| /channel [CHxDL( = 0 to 511) is decimal number of CHxDL[8:0], Tcik is

external clock period.

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

REPEAT[7:0] = 00000000

REPEAT[7:0] = 11111111

ABLIC Inc.
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B Tx Control Register MAP
Table 24 Tx Control Register MAP
R# D7 D6 D5 D4 D3 D2 D1 DO
0 reserved STARTI6] STARTI[5] START[4] START[3] START[2] START[1] STARTI[0]
1 reserved STOP[6] STOP[5] STOP[4] STOP[3] STOP[2] STOP[1] STOP[0]
2 INV MUL-RPT reserved cC CKDIV[1] CKDIV[0] THPCTL[1] | THPCTLIO]
3 REPEAT[7] | REPEAT[6] | REPEAT[5] | REPEAT[4] | REPEAT[3] | REPEAT[2] | REPEAT[1] | REPEATIO]
4 DRVPADJ VFP[2] VFP[1] VFP[0] DRVNADJ VFN[2] VFEN[1] VFN[0]
5 TXACT[15] | TXACT[14] | TXACT[13] | TXACT[12] | TXACT[11] | TXACT[10] TXACTI[9] TXACT[8]
6 TXACT[