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ELE\ SEMICONDUCTOR

SOC Octal 500MHz Integrated Pin Electronics/DAC/PPMU/Deskew

Mystery is a highly integrated System-on-a-Chip (SoC) pin electronics solution that incorporates every analog function, along with digital
support circuitry required to create 8 independent pin channels for Automated Test Equipment. Each channel is configured via a 100MHz
SPl interface, and all real time data is programmed and read back through high-speed FLEX I/0 pins that can be configured to interface
directly to other devices using multiple single-ended and differential logic families.

Features

Pin Electronics Driver/Comparator

— Dual Mode 3-level Driver with Hi-Z Capability (DVH, DVL,
VIT)

— HV (High Voltage) Driver Mode

— 25mV to 8V Swing Across -2V to +6V Range

— Programmable Driver Slew Rate

— HS (High Speed) Driver Mode

— 25mV to 4V Swing Across OV to +4V Range

— Up to 8V Comparator Input Range

— 1GHz Comparator Equivalent Bandwidth

— Extremely Low Hi-Z Leakage over Entire I/0 Range

— Short Circuit Protection
Per Pin PMU (PPMU)

— FV, FI, MV, MI

— 4 Quadrant Operation

— -2V to +6V FV/MV Range

— 5 Current Ranges (2pA, £20pA, 200pA, £2mA, £50mA)

— Programmable Voltage and Current Clamps

— Resistive Load Function (12 Selectable Resistor Values)
Per Pin Active Load

— 2 Active Load Ranges (+24mA, +1mA)

— Independently Programmable Current Source, Current
Sink, and Commutating Voltage levels
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Per Pin Timing Deskew
— Propagation Delay Adjustment
— 10ns Delay Adjustment Range
— 18ps Delay Adjustment Resolution
On-Chip DC Levels
— 17 Dedicated DAC levels per Channel
— 9 Dedicated DACs per Channel
— Per Level Offset Correction
— 16-bit Resolution/14-bit Accuracy
— DUT Ground Sensing and Correction (1 Per Chip)
100MHz SPI Interface
High Speed FLEX 1I/0
Analog Measure Bus
Extremely Small PCB Footprint: 2 package options
— 14mm x 14mm, 144 Ball fcBGA (1.0mm Pitch)
— 14mm x 14mm, 144 Ball fcCSP (1.0mm Pitch)
Pmax < 800mW per Channel

Applications

Automated Test Equipment (ATE)
Instrumentation and Characterization Equipment
ASIC Verifiers
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Pin Descriptions

TABLE 1: PIN DESCRIPTIONS

PIN # ‘ PIN NAME DESCRIPTION

Power Supplles

E9 VHH Positive analog power highest rail supply for gate drive bias.
B10, F10, H8, K10 vCcC Positive analog power supply for HV driver, PMU, and comparators, use clean supply.
B11, D11, :\:Ajf;_ H11, K14, VvCcCOo Positive HS driver output power supply, use clean supply.
D10, E8, H10, J9 VEE Negative analog power supply for HV driver, PMU, comparator, use clean supply.
B12, D12, II\:llj:-l_zé H12, K12, VEEO Negative HS driver output power supply, use clean supply.

A11, B3, C10, C11, D3, E10,
E11, F3, F6, F8, F9, G3, G6,

67, G8, G9, G10, G11, J3, J8, GND Analog ground.
J10, J11, K9, L3, L10, L11
A3, M3 VDD Digital power supply.
C3, E3, E6, H3, H6, K3 VDDA Low voltage analog supply, should be clean.
Analog Pins
F7 GND_REF IAccurate ground analog ground reference (sense only) for VREF.
E7 VREF Precision external analog voltage reference connection.

Precision external reference resistor connection (connect external resistor between

Hi i RREF and GND).

A10, A12,C12,E12,G12,J12,| DOUT_7, DOUT_6, DOUT_5, DOUT_4, Analog 1/0 that connects to device under test.

L12, M10 DOUT_3, DOUT_2, DOUT_1, DOUT_O

Cc8 EXT_SNS_HI Unbuffered “measure high” DC calibration bus connection.
B8 EXT_SNS_LO Unbuffered “measure low” DC calibration bus connection.
D8 EXT_FRC External Force DC calibration bus connection.

L9, M9 MON_1, MON_O IAnalog measurement output from PPMU.

L8, M8 MON_REF_1, MON_REF_O Reference for analog measurement output from PPMU.
A8 DGS DUT Ground Sense. Connect to Device Under Test Ground.

Digital Inputs

M7, L7 DATA_P_0, DATA_N_O Channel O driver data differential inputs.

M1, M2 DATA_P_1, DATA_N_1 Channel 1 driver data differential inputs.

K1, K2 DATA_P_2, DATA_N_2 Channel 2 driver data differential inputs.

H1, H2 DATA_P_3, DATA_N_3 Channel 3 driver data differential inputs.

E1, E2 DATA_P_4, DATA_N_4 Channel 4 driver data differential inputs.

C1,C2 DATA_P_5, DATA_N_5 Channel 5 driver data differential inputs.

A1, A2 DATA_P_6, DATA_N_6 Channel 6 driver data differential inputs.

A7,B7 DATA_P_7,DATA_N_7 Channel 7 driver data differential inputs.

M6, L6 ENA_P_O,ENA_N_O Channel 0 driver enable differential inputs.

L1, L2 ENA_P_1,ENA_N_1 Channel 1 driver enable differential inputs.

J1,)2 ENA_P_2, ENA_N_2 Channel 2 driver enable differential inputs.

G1, G2 ENA_P_3, ENA_N_3 Channel 3 driver enable differential inputs.

F1, F2 ENA_P_4,ENA_N_4 Channel 4 driver enable differential inputs.

D1, D2 ENA_P_5, ENA_N_5 Channel 5 driver enable differential inputs.

B1, B2 ENA_P_6, ENA_N_6 Channel 6 driver enable differential inputs.
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PIN # PIN NAME DESCRIPTION
A6, B6 ENA_P_7, ENA_N_7 Channel 7 driver enable differential inputs.
Digital Outputs
K7, K6 COMPA_P_0, COMPA_N_O Channel O comparator “A” differential outputs.
M4, L4 COMPA_P_1, COMPA_N_1 Channel 1 comparator “A” differential outputs.
K4, )4 COMPA_P_2, COMPA_N_2 Channel 2 comparator “A” differential outputs.
H4, G4 COMPA_P_3, COMPA_N_3 Channel 3 comparator “A” differential outputs.
E4, F4 COMPA_P_4, COMPA_N_4 Channel 4 comparator “A” differential outputs.
C4,D4 COMPA_P_5, COMPA_N_5 Channel 5 comparator “A” differential outputs.
A4, B4 COMPA_P_6, COMPA_N_6 Channel 6 comparator “A” differential outputs.
C7,Ce6 COMPA_P_7, COMPA_N_7 Channel 7 comparator “A” differential outputs.
J7,J6 COMPB_P_0, COMPB_N_0 Channel O comparator “B” differential outputs.
M5, L5 COMPB_P_1, COMPB_N_1 Channel 1 comparator “B” differential outputs.
K5, J5 COMPB_P_2, COMPB_N_2 Channel 2 comparator “B” differential outputs.
H5, G5 COMPB_P_3, COMPB_N_3 Channel 3 comparator “B” differential outputs.
E5, F5 COMPB_P_4, COMPB_N_4 Channel 4 comparator “B” differential outputs.
C5,D5 COMPB_P_5, COMPB_N_5 Channel 5 comparator “B” differential outputs.
A5, B5 COMPB_P_6, COMPB_N_6 Channel 6 comparator “B” differential outputs.
D7, D6 COMPB_P_7, COMPB_N_7 Channel 7 comparator “B” differential outputs.
SPI Interface
Cc9 SPI_CLK ISPI serial bus clock input (selectable termination).
A9 SPI_SDI ISPI serial data input (selectable termination).
B9 SPI_SDO SPI serial data output (50Q output).
D9 SPI_CS ISPI chip selects input (selectable termination).
K8 RESET Chip reset, active high (on chip 50kQ pull up to VDD).
H9 ALARM IAlarm output pin. Open drain output that pulls high when an alarm has been
triggered (connect a 10kQ) resistor between this ALARM and VDD). Active high.
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FIGURE 3: PIN CONFIGURATION - 144 BALL FCCSP (1.0MM PITCH)
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Absolute Maximum Ratings

TABLE 2;: ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL MIN TYP MAX UNITS
Power Supplles
Positive Analog Supply Voltage Vee_aes -0.5 8 \"
Positive Analog Supply Voltage VhH_ass -0.5 16.5 "
Positive Driver Supply Voltage Veco_ags -0.5 6 \"
Digital Supply Voltage/Analog Supply Voltage Vbbo/Vbpa_ass -0.5 1.98 \"
Negative Analog Supply Voltage VEE_aBs -4.0 0.5 \"
Negative Driver Supply Voltage VEeeo_ass -2.0 0.5 \"
Total Analog Supply [VCC-VEE] Vbir_ce_aBs -0.5 115 "
Total Analog Supply [VHH-VEE] Vbir_HE_ABS -0.5 20 \"
Total Driver Supply Voltage [VCCO-VEEO] Vbir_out_ass -0.5 7.5 \"
Driver Output Levels (High Voltage Mode)
Driver Swing (|VDVH - VDVL]) VswiNG_HV_ABS 8.2 \"
DVH - Driver “High” Level Voltage Output Range VRNG_HVH_ABS -21 6.1 "
DVL - Driver “Low” Level Voltage Output Range VRNG_HVL_ABS -21 6.1 Vv
VTT - Driver “Termination” Level Voltage Output Range VRNG_HVT_ABS -21 6.1 Vv
Driver Output Levels (High Speed Mode)
Driver Swing (|VDVH - VDVL|) VswiNG_Hs_aBs 4.2 v
DVH - Driver “High” Level Voltage Output Range VRNG_HSH_ABS -0.1 4.1 "
DVL - Driver “Low” Level Voltage Output Range VRNG_HsL_aBS -0.1 4.1 Vv
VTT - Driver “Termination” Level Voltage Output Range VRNG_HST_ABS -0.1 4.1 "
Differential Input Levels (for Differential Voltage Comparator Measurements)
DOUTodd-DOUTeven (Absolute Value) VRNG_DIFF_EO 0 6.1 Vv
High Speed Comparator Threshold Levels
CVA - Compare Voltage Threshold “A” Range VRNG_cMPCVA_ABS -21 6.1
CVB - Compare Voltage Threshold “B” Range VRNG_CMPCVB_ABS -21 6.1
Actlve Load
VCOM_ILOAD Commutating Voltage Range VRNG_vcom_aBS -21 6.1 "
ISRC - Programmable Current Source Range IrNG_ISRC_ABS 0 25 mA
ISINK - Programmable Current Sink Range IRNG_ISNK_ABS -25 0 mA
PPMU
Zf;xpV;:igz Output/Measure Voltage Input Range/Voltage Vine_Fre_ass VEE vee v
Force Current/Measure Current Range
IRO - Range 0 IRNG_FORCEO_ABS -3 3 HA
IR1 - Range 1 IRNG_FORCE1_ABS -30 30 MA
IR2 - Range 2 IRNG_FORCE2_ABS -300 300 MA
IR3 - Range 3 IrNG_FoRcE3_ABS -3 3 mA
IR4 - Range 4 |IRNG_FORCE4_aBS -55 55 mA
Force Current/Measure Current Compliance Range VRNG_CMPL_ABS See Figure 42
CVA_PPMU - Go-no-Go Comparator Threshold “A” VRNG_PMUCVA_ABS -21 6.1
CVB_PPMU - Go-no-Go Comparator Threshold “B” VRNG_PMUCVB_ABS -21 6.1 \"
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PARAMETER | SYMBOL | MIN | TYP MAX UNITS
External References
Reference Voltage (VREF) VRNG_REF_ABS -0.5 1.8 \"
GND_REF Voltage Range (relative to GND) VRNG_GNDREF_ABS -0.5 0.5 \"
RREF - External Reference Resistor Value RrNG_RREF_ABS -1% +1% kO
DGS Voltage Range (Relative to GND) VRNG_DGS_ABS -500 500 mV
EXT_FRC - External Force Voltage Range VRNG_EXTFRC_ABS VEE - 0.5 VCC + 0.5
EXT_SNS - External Sense Voltage Range VRNG_sNsLo_ABS VRNG_SNSHI_ABS VEE - 0.5 VCC + 0.5
Miscellaneous
Maximum Junction Temperature Range Tiunc_ass 0 125 °C

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product
reliability and result in failures not covered by the warranty.

Recommended Operating Conditions

TABLE 3: RECOMMENDED OPERATION CONDITIONS

PARAMETER | SYMBOL MIN TYP MAX UNITS

Power Supplles

Positive Analog Circuit Supply Voltage Vee 7.27 7.5 7.72 Vv
Positive Analog High (Bias) Supply Voltage Vhn 15.05 15.5 15.95 v
Positive Driver Supply Voltage Vceo 5.34 55 5.66 Vv
Digital Supply Voltage/Analog Supply Voltage Vbo/Vbba 1.75 1.8 1.85 Vv
Negative Analog Supply Voltage Vee -3.6 -3.5 -34 \"
Negative Driver Supply Voltage VEeeo -1.55 -1.5 -1.46 Vv
Total Analog Supply |VCC - VEE| Vbir_ce 10.67 11 11.33 Vv
Total Analog Supply [VHH - VEE] Vbir_HE 17.95 19.0 19.5 "
Total Driver Supply [VCCO - VEEO] Vbir_out 6.79 7 7.21 Vv
Driver Output Levels (High Voltage Mode)

Driver Swing (|DVH - DVL|) Vswing_Hv 0.025 8 Vv
DVH - Driver “High” Level Voltage Output Range VRNG_HVH -2 6 "
DVL - Driver “Low” Level Voltage Output Range VRNG_HVL -2 6 Vv
VTT - Driver “Termination” Level Voltage Output Range VRNG_HVT -2 6 Vv
Driver Output Levels (High Speed Mode)

Driver Swing VswinG_Hs 0.025 4 \'
DVH - Driver “High” Level Voltage Output Range VRNG_HSH (0] 4 \"
DVL - Driver “Low” Level Voltage Output Range VRNG_HsL 0 4 \"
VTT - Driver “Termination” Level Voltage Output Range VRNe_HsT 0 4 \"
Differential Input Levels (for Differential Voltage comparator measurements)

DOUTodd-DOUTeven (Absolute Value) VRNG_DIFF_EO 0 6 Vv
High Speed Comparator Threshold Levels

CVA - Compare Voltage Threshold “A” VRnG_cmpcva -2 6

CVB - Compare Voltage Threshold “B” VRNG_cmPCVB -2

Actlve Load

VCOM_ILOAD - Commutating Voltage Range Vrne_vcom -2 6 v
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PARAMETER SYMBOL MIN TYP MAX UNITS
ISRC - Programmable Current Source Range IrnG_isrC 0 24 mA
ISINK - Programmable Current Sink Range IrnG_isNK -24 0 mA
PPMU
T 2 : v
Force Current/Measure Current Range
IRO - Range 0 IrNG_FORCEO -2 2 A
IR1 - Range 1 IRNG_ FORCEL -20 20 HA
IR2 - Range 2 IRNG_ FORCE2 -200 200 HA
IR3 - Range 3 IrNG_ FORCE3 -2 2 mA
IR4 - Range 4 IrNG_ FORCE4 -50 50 mA
Force Current/Measure Current Compliance Range VRnG_cvpL See Figure 42 Vv
CVA_PPMU - Go-no-Go Comparator Threshold “A” VRNG_PMUCVA -2 6 "
CVB_PPMU - Go-no-Go Comparator Threshold “B” Vrne_Pmucve -2 6 v
External References
Reference Voltage (VREF) VRNG_REF 1.2375 1.25 1.2625 \"
GND_REF - Voltage Range (relative to GND) VRNG_GNDREF -50 50 mV
RREF - External Reference Resistor Value Rrnc_rRer 12.276 12.4 12.524 kQ
DGS Voltage Range (Relative to GND) VRne_bes -300 300 mV
EXT_FRC - External Force Voltage Range VRNG_EXTFRC VEE VCcC \"
EXT_SNS_LO, EXT_SNS_HI - External Sense Voltage Range \\//‘;:‘;Ss':::: VEE vee v
MON_O, MON_1 - Voltage Range VRNG_MH 6.1
MON_REF_O, MON_REF_1 - Voltage Range VrnG_mL 21
MON_O, MON_1, MON_REF_O, MON_REF_1 - Output load IRNG_MHL -5 5 pA
Miscellaneous
Junction Operating Temperature Range Tiunc 25 100 °C
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NOTE: For all of the following DC Electrical Specifications, compliance to datasheet limits is assured by one or more methods: production test,
characterization and/or design.

DC Electrical Specifications - Power Supplies

VHH = 15.5V, VCC =7.5V, VCCO = 5.5V, VEE =-3.5V, VEEO =-1.5V, VDD = 1.8V, VDDA = 1.8V, VDGS=0V for all tests.

TABLE 4: DC ELECTRICAL SPECIFICATIONS - POWER SUPPLIES

SPEC # PARAMETER TEST CONDITIONS SYMBOL | MIN | TYP | MAX | UNITS
POWER Setup A: Reset Condition
C200 |VCC Current Setup A lec_a 230 mA
C201 |VHH Current Setup A luu_a 7 mA
C202 |VCCO Current Setup A lcco_a 28 mA
hip Reset condition.
C203 |VDD/A Current Setup A Iop_a 840 mA
C204 |VEE Current Setup A lee_a 275 mA
C205 |VEEO Current Setup A leeo_a 10 mA
POWER Setup B: DC3
C210 |VCC Current Setup B lec s 375 mA
|All drivers set to HS mode. All comparators are set to
€212 |VHH Current Setup B ifferential mode. DVH_DAC, DVL_DAC and COMP DACs I ’ mA
C213 |VCCO Current Setup B enabled. All other DACs disabled. DVH_DAC = 4.0V / leco_s 28 mA
DVL_DAC = 0.0V. CVA_DAC = 2.0V / CVB_DAC = 2.0V.
€214 |VDD/A Current Setup B Drive, Enable, and Comparator deskews enabled. PMU Ioo_s 1380 mA
€215 |VEE Current Setup B disconnected. No data toggllln.g. All other register values lec.s 440 mA
are set to default reset conditions. No load output.
C216 |VEEO Current Setup B leeo_g 10 mA
POWER Setup C: DC2
C220 |VCC Current Setup C lec_ca 375 mA
|All drivers set to HS mode. All comparators are set to
€221 |VHH Current Setup C ifferential mode. DVH_DAC, DVL_DAC and COMP DACs | "-¢-2 ! mA
C222 |VCCO Current Setup C enabled. All other DACs disabled. DVH_DAC = 4.0V / leco_c_q 28 mA
DVL_DAC = 0.0V. CVA_DAC = 2.0V / CVB_DAC = 2.0V.
€223 |VDD/A Current Setup C PMU disconnected. No data toggling. All other register Ioo_co 1030 mA
€224  |VEE Current Setup C viltl:)ii are set to default reset conditions. No load on lee.c o 440 mA
C225 |VEEO Current Setup C leeo_c_o 10 mA
POWER Setup D: PMU2
C240 |vVCC Current Setup D lec_p_o 260 mA
C241 |VHH Current Setup D lhH_p_o 7 mA
c242 IAll channels are set to Force Voltage mode. FV_DAC and o8
VCCO Current Setup D PMU enabled. All other DACs disabled. FV_DAC = 2.0V. leco.n mA
C243 |VDD/A Current Setup D PMU_IRNG = 50mA range. All other register values are Iob_p_o 840 mA
iset to default reset conditions. No load on output. —
C244 |VEE Current Setup D lee_p_o 260 mA
C245 |VEEO Current Setup D leeo_p_o 10 mA
POWER Setup E: LD2
C250 |VCC Current Setup E lec_e_q 270 mA
C251 |VHH Current Setup E JAll DVH_DAC, DVL_DAC, COMP DAC'’s, VIT_DAC, lun_e_q 7 mA
c252 ILSRC_DAC and ILSNK_DACs enabled. All channel drivers | o8 A
VCCO Current Setup E are set to HS mode. ILSRC_DAC and ILSNK_DAC set to cc0_£.Q m
€253 |VDD/A Current Setup E maximum. VIT = 2.0V. PMU disconnected. All other Iob_E o 880 mA
register values are set to default reset conditions. No —
C254 |VEE Current Setup E load on output. lee_eq 340 mA
C255 |VEEO Current Setup E leeo_e @ 10 mA
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DC Electrical Specifications - Calibration Buses

TABLE 5: DC ELECTRICAL SPECIFICATIONS - CALIBRATION BUSES

ELE\ SEMICONDUCTOR

Document Number:

15-50280-10

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS

EXT_FRC Voltage Range

C168 - g g Measured at each DOUT pin VRNG_EXTFRC_20 Vee+0.3 Vcc-0.4 \"
Voltage measured at DOUT)
EXT_SNS_HI Voltage Range

c163 - - g g . FV every DOUT, measure at pin VRNG_EXTSNS_HI Vee Vee V'
Connected to each DOUT pin)
EXT_SNS_LO Voltage Range

C388 . FV every DOUT, measure at pin VRNG_EXTSNS_LO -3 7 Vv
Connected to internal VEE, VCC)
EXT_FRC Resistance (all 8 channels). Force -2/6V at pin, measure at each

c164 Note 1. DOUT pulling 1uA Rin_ExTrre 50 95 Q
EXT_SNS_HI Resistance Force -2/6V at DOUT, measure at

185 lexT_SNSE_LO Resistance EXT_SNS_HI/LO by pulling 1A Roweasis | 48K 28K °
EXT_FRC Leakage Current . &

C166 100mV from rails) |All switches open ILEAK_EXTFRC +25 nA

C167 [EXT_SNS_HI, EXT_SNS_LO Leakage Current [All switches open ILeak_ExTsNs -5 5 nA

Notes:

The EXT_FRC resistance is a combination of the FORCE_ENA and one of the FORCE[7:0] switches in series. The individual resistance of each switch is
listed in Table 99 of this datasheet. The PMU CONNECT switch resistance is listed in Table 65.

DC Electrical Specifications - DUT Connection Pin

TABLE 6: DC ELECTRICAL SPECIFICATIONS - DUT CONNECTION PIN

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS

DOUT Hi-Z Leakage Current 0

cir7 |~ 2V < DOUT < 6V) ILEAK_DouT 5 5 nA
DOUT Hi-Z Leakage Current

C185 |(DOUT within 100mV of the VEE or High temperature dependance lLeak_pout_RaiL +20 A
400mV VCC rail)

C19 |DOUT Hi-Z Capacitance Measured at output to ground Crin_pout 7 pF
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TABLE 7: DC ELECTRICAL SPECIFICATIONS - PIN DRIVER

Document Number:

15-50280-10

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
c21 ﬁgr:rlwmut Continuous DC Current Capability, |After settling time, Note 2 lon_prv -50 50 mA
C25  |Driver Output Short Circuit Current, Note 1 Tested < 1pS IsHoRT_DRV 70 mA

C207 |Driver Output Impedance, Note 7 Drift BC to WC post calibration Rout_prv 475 50 52.5 Q
C162 |Driver output impedance trim resolution |IAverage change each code tested Rout_res 0.5 Q/bit
High Voltage Mode
. . ested, Note 3
C22  |Driver Full Swing (|DVH - DVL|) ’-Irnto High Impedance Vswing_Hv 8 \"
C23  |Driver Level Max Output6 (DVL / DVH = OxFFFF) Into High Impedance VoH_brv_Hv 6
C24  |Driver Level Min Output6 (DVL / DVH = 0x0000) (Into High Impedance VoL_prv_Hv -2
Driver Termination Max Output, Note 6
Cc29 (VIT =OXFFFF) IVTT Mode, Note 5 VVITH_Hv 6 \"
Driver Termination Min Output, Note 6 R
C30 (VTT =0x0000) IVTT Mode Vvt _nv 2 "
Driver Output Level DC Accuracy, Note 6
C33  |Pre-Calibration Accuracy (DVH, DVL, VTT) (Post Offset adjust 2V) VERR_HV_PRE +200 mV
Post-Calibration Accuracy (DVH, DVL, VTT) VERR_HV_cAL -5 5 mV
IAccuracy Temperature Error (DVH, DVL, VTT) Measured 50-90C Char only
C341 |0V to 2V output. TEpRv_Hv_2 0.3 mV/C
C342 |2V to 4V output TEpRv_Hv_4 04 mV/C
C343 [2Vto 0V / 4 to 6V output TEbRv_Hv_6 2 mV/C
High Speed Mode
Tested, Note 3
C26  |Driver Full Swing (|DVH - DVL|) . Vswine_Hs 4
Into High Impedance
Driver Level Max Output, Note 6 .
c27 (DVL / DVH = OXFFFF) Into High Impedance VoH_bRv_Hs 4
Driver Level Min Output, Note 6 .
Cc28 (DVL / DVH = 0x0000) Into High Impedance VoL_pRv_Hs 0 \"
Driver Termination Max, Note 6
C31 Output (VIT =OXFFFF) IVTT Mode, Note 5 VVTTH_HS 4 \"
Driver Termination Min, Note 6
C32 Output (VIT =0x0000) IVTT Mode Vvrri_us 0
Driver Output Level DC Accuracy, Note 6. Pre- &
€35 lcalibration Accuracy (All Levels - DVH, DVL, VTT). Verr_ts.pre 200 mv
E?/it:s?':!;)ratlon Accuracy, Note 4. (All Levels - DVH, VeRg_Hs_caL 5 5 mv
IAccuracy Temperature Error (DVH, DVL, VTT). Measured 50-90C Char Only
C361 |0V to 2V output TEbRv_Hs_2 .5 mV/C
C362 |2 to 4V output TEbRv_Hs_4 1 mV/C
NOTES:
1. Same spec for High Speed and High Voltage, but tested separately at high bias, low Rout. This is the minimum guaranteed output current before
the driver clamp will start to limit the output.
2. Includes current for DVL, DVH, and VTT. Settling time will vary by load.
3. DOUT Vswing 50% = 2V only for testing.
4. Using 113-point calibration as described in white paper (reference)
5.  VIT mode: Driver disabled; voltage set into high impedance.
6. Using offset value of Ox03. Full -2V to 6V range can be reached by using low HV_BIAS settings (0x00), but AC performance may not meet
specifications if that setting is used.
7. System difference may cause up to 4€ inaccuracy in ATE pre-shipped fuse map. One-time customer calibration in-system is recommended if
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greater accuracy is required.

DC Electrical Specifications - High Speed Window Comparator

TABLE 8: DC ELECTRICAL SPECIFICATIONS - HIGH SPEED WINDOW COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
CVA/CVB DAC Accuracy Error.
C89 [Pre-Calibration Post Offset adjust at 2V) VERR_CMP_PRE +200 mV
C90 |Post-Calibration VERR_cmP_cAL -5 5 mV
Measured over 40C, char only.
C91 |Accuracy Temperature Error (CVA, CVB DACs) [High codes measured; small codes TEcmp_pac 250 pv/°c
have less drift
Compare Threshold offset, uncalibrated
can be calibrated out).
C180 |0Vto 5V VERR_CMP_THRSH_S 5 mV
C181 [2Vto 6V VERR_CMP_THRSH_6 30 mV
C182 [Temperature Error of offset D’(I:g sgu;ed over 50C, proportional to TCcmp_THRSH +150 uv/°c
DC Electrical Specifications - Digital Pins
TABLE 9: DC ELECTRICAL SPECIFICATIONS - DIGITAL PINS
SPEC # | PARAMETER ‘ TEST CONDITIONS SYMBOL MIN ‘ TYP MAX UNITS
Comparator Outputs (COMP_A_P_#, COMP_B_P_#, COMP_A_N_#, COMP_B_N_#) for both LVDS and CML Modes
C92 |Differential Voltage Full Swing 100Q2 Differential Load Vswine_cvp 500 mV
C93  |Common Mode Voltage Range ﬁf:;f;:jzdmtms) Vow_cwp A N v
Pin Driver Inputs (DATA_P_#, ENA_P_#, DATA_N_#, ENA_N_#)
C105 |Input Current Hi-Z input termination mode lLeark N 10 nA
C107 ifferential Input Voltage Swing [ | esrngwf:::“';::’f)': sosted wom 1rom 96V Vewnaw 0.2 18 v
C104 [Common Mode Voltage Range Max swing cannot exceed VDD Rail Vem_in 0.8 14 1.7 \"
C106 [Programmable Input Termination 100Q) Differential Setting RiN_pE100 80 100 120 Q
50Q) Single Ended Setting Rin_peso 40 50 60 Q
Serial Interface (SPI_SDI, SPI_SDO, SPI_CLK, CPI_CS) (SSTL18 only when termination is enabled)
C1 ISSTL Leakage Current ;I'/cl-:)rlr)'r}igztli)ons and outputs Disabled, tested ILeak s <10 WA
C2  [SSTL Input High Voltage (DC) Viusstt | Voo/2 +0.150 Vpp+0.3 \'
C3  ISSTL Input Low Voltage (DC) ViL_ssTL -0.3 Vobp/2 - 0.150 \'
C4  [SSTL Output High Voltage (DC) IOH=5 Vou_sstL Voo/2 + 0.5 v
C5  [SSTL Output Low Voltage (DC) I0L=-5 VoL_sst Voo/2 - 0.5 v
Reset Pin (LVCMOS) and Alarm output (Open Drain)
C6 |[Leakage Current Inputs tested at VDD/GND lLeak_cmos <10 A
C7 Input High Voltage Vin_cmos 0.7*Vpp Vpp+0.3 \"
C8 |Input Low Voltage Vou_cmos -0.3 0.2*Vpp \'
C9  |Output High Voltage _?zt::';;:;:;:i?;?u’;u'IUp VoH_aLarRM Vbp-0.2 '
C10 [Output Low Voltage I0L=-200pA VoL_aLarm 0.2 "
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DC Electrical Specifications - Differential Mode Comparator

TABLE 10: DC ELECTRICAL SPECIFICATIONS - DIFFERENTIAL MODE COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C170 |Common Mode Input Voltage Range [Channel A or Channel B VRNG_DIF -1.5 +4.5 \"
C171 |Minimum Differential Swing Channel A - Channel B VmiN_piF +0.05
C172 |Maximum Differential Swing Channel A - Channel B, max useful range Vswing_piF +1.1

Offset measured at calibrated code for -0.5V
C173 |Input Offset Voltage and 0.5V with VCM = 1.5V Vors_piF -400 +400 mV
C174 |Input Offset Temperature Error TEors_piF +150 uv/°c
Gain measured at calibrated code for -1.0V
C175 |Gain and 1.0V with VCM = 0.0V. Based on an ideal GMawp_piF 1.0 12 V/V
DAC transfer function
C176 |Gain Temperature Coefficient TCamp_piF +850 ppm/°C
€275 |Common Mode Error A Offset measured at VCM = -1.5Vand +4.5V, | oyp . o\ 1.0 mv/V
VDM = 0.0V
C276 |DCPSR A Offset measured at VCM = 0.0V PSRors_pir 5 mV/V
c270 CVA/C\{B DAC Accuracy Error. For both CM and Amplitude measurement [V—— +£200 mv
Pre-Calibration DACs
c271 CVA/CVI:” DAF: Accuracy Error. For both CM and Amplitude measurement V— _5 5 mv
Post-Calibration DACs
Accuracy Temperature Error For both CM and Amplitude DACs. Measured
c272 y lemp over 40°C, char only. High codes largest, low TEpcwe_pac 10 mv
CVA, CVB DACs)
codes have smaller error
CM Compare Threshold offset, Offset on Common Mode output valid up to A
€273 | incalibrated (Can be calibrated out) |11V differential input VeRRpowe_tHrsH §s0 i
C274 |CM Temperature Error of offset Pffsettempco on common mode output over TCocmp_THRSH +800 uv/°C

50 °C, proportional to CM voltage
DC Electrical Specifications - PPMU Force Voltage

TABLE 11: DC ELECTRICAL SPECIFICATIONS - PPMU FORCE VOLTAGE

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS

Measured after calibration. Valid for all

C108 [Force Voltage Error N X VEerr_Fv -5 +5 mV
min/max current in ranges

C120 [Force Voltage Temperature Error Based on worst case code shifting over 50°C TErv 300 uv/°c

€300 [DGS Tracking Range Force offset on DGS, measure change on PMU 100 100 mv

FV (ATE)
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DC Electrical Specifications - PPMU Force Current

TABLE 12: DC ELECTRICAL SPECIFICATIONS - PPMU FORCE CURRENT

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS

Measured at 2V, no Common Mode
Error. Measured after calibration.

IRO (+2pA Range), IR1(£20pA Range) |Untested

Force Current Error

C111 |(IR2 (+200pA Range) lerr_FI_200u -1 +1 MA
C112 |(IR3 (+2mA Range) lERR_FI_2m -10 +10 uA
C113 (IR4 (+50mA Range) lERR_FI_50m -250 +250 uA

FI Temperature Error

C121 [IR2 (+200pA Range) TEri_200u 140 nA/°C
C151 [IR3 (+2mA Range) TEri_om +400 nA/°C
C152 [IR4 (+50mA Range) TEr_som +10 pA/°C
C387 [Common Mode Error Measured as a %FS lerr_FI_cm 1 %

DC Electrical Specifications - PPMU Measure Voltage

TABLE 13: DC ELECTRICAL SPECIFICATIONS - PPMU MEASURE VOLTAGE

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C119 |Measure Voltage Error Measured at MON_O and MON_1 VErRr_Mv -5 +5 mV
C122 |Measure Voltage Temperature Error Change proportional to forced voltage TEmv +40 uv/°c

DC Electrical Specifications - PPMU Measure Current

TABLE 14: DC ELECTRICAL SPECIFICATIONS - PPMU MEASURE CURRENT

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
Measure Current Error Tes_ted _2V only. Measured after
calibration.
C114 |(IRO (x2pA Range) lerRR_MI_2u -10 +10 nA
C115 ‘IRl (£20pA Range) lerRR_MI_20u -100 +100 nA
C116 ‘|R2 (£200pA Range) lErRR_MI_200u -1 +1 A
C117 ‘|R3 (£2mA Range) lErRR_MI_2m -10 +10 HA
C118 |IR4 (+50mA Range) lerr_mi_s0m -250 +250 pA
MI Temperature Error
C123 |IR4 (+50mA Range) TEmi_som 1 5 pA/°C
C153 ‘IRB (x2mA Range) TEmi_2m +150 nA/°C
C154 ‘IRZ (£200pA Range) TEmi_200u +15 nA/°C
C155 ‘IRi (£20pA Range) TEwmi20u +1.5 nA/°C
C156 (IRO (x2pA Range) TEm_2u +0.5 nA/°C
C157 (Common Mode Error lErRR_MI_cM 1 %
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DC Electrical Specifications - PPMU Go-No-Go Comparator

TABLE 15: DC ELECTRICAL SPECIFICATIONS - PPMU GO-NO-GO COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C143 [Threshold Error, Post Cal VERR_PMUCY -5 +5 mV
C144 [Threshold Temperature Error Over 50°C Tepmucy +150 uv/°C

DC Electrical Specifications - Voltage Clamp

TABLE 16: DC ELECTRICAL SPECIFICATIONS - VOLTAGE CLAMP

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C124 |\Voltage Clamp Error, Calibrated Measured through 50Q VERR_vcLamp +100 mV
C125 |Voltage Clamp Temperature Error \Varies Per Code TEvcLamp 600 uv/°C
C126 |Voltage Clamp Low Range VRNG_veLAMP_LO -1.8 2.4 \"
C127 |Voltage Clamp High Range VRNG_VCLAMP_HI 0.5 5 \"
C128 |Voltage Clamp DAC Resolution VRes_vcLamp 80 mV

DC Electrical Specifications - Current Clamp

Current clamps are only for device gross protection, not precision control.

TABLE 17: DC ELECTRICAL SPECIFICATIONS - CURRENT CLAMP

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C129 (50mA Current Clamp Error Measured through 5002 IERR_ICLAMP50 15 mA
C130 (50mA Current Clamp Temperature Error Decreases with lower codes TE ¢, avpso 600 uA/°C
C131 [50mA Positive Current Clamp Maximum Measured with code OxFF |MAX_P,C,_AMP50 55 80 98 mA
C132 [50mA Negative Current Clamp Maximum [Measured with code OxFF luax_NicLampso -85 -70 -52 mA
C385 [50mA Positive Current Clamp Minimum Measured with code 0x01 luin_picLampso 5 mA
C386 [50mA Negative Current Clamp Minimum  |[Measured with code 0x01 |M.N_N.CLAMP50 -10 mA
C133 [50mA Voltage Clamp DAC Resolution |RES_.C._AMP50 0.55 mA
C134 [2mA Current Clamp Error Measured through 50Q lerr_icLave2 1 mA
€135 [2mA Current Clamp Temperature Error TE ¢ avp2 5 pA/°C
C136 [2mA Positive Current Clamp Threshold |MAX_.C._AMp2 3 mA
C137 [2mA Negative Current Clamp Threshold |M.N_,CLAMP2 -3 mA
C138 [2mA Voltage Clamp DAC Resolution |RES_.C,_AMP2 500 HA
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DC Electrical Specifications - Active Load

ELE\ SEMICONDUCTOR

TABLE 18: DC ELECTRICAL SPECIFICATIONS - ACTIVE LOAD

Document Number:

15-50280-10

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C145 Source/Sink Post Cal Error (1/24mA) Tested into 5002 lerr_IiLOAD -1 +1 %FS
C160 IVCOM keep out for FS current (1/24mA), Veom_keepour +200 mv

Note 1
C146 [Low Current (1/24mA) 0x0000 code (abs value) ImIN_iLaoD 10/270 A
C147 [High Current Sink/Source (24mA) OXFFFF code IMAX_isNK/ISRC -24/24 -35/37 mA
C148 [High Current Sink/Source (1mA) OxFFFF code ImAX_ISNK/ISRC -1/1 -1.3/1.3 mA
Measured 50-100C at high code. o
C149 [Source Current Temperature Error Lower code drift smaller. TEisre 12 uA/°C
C150 [Sink Current Temperature Error Measured 50-100C at high code. TEisnk 5 pA/°C
Lower code drift smaller.
C161 |VCOM Temperature Error Measured 50-100C TEvcom 3 mV/°C
NOTES:
1. Minimum voltage above or below VCOM where current is guaranteed to be within spec. May require calibration.
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AC Characteristics

NOTE: For all of the following AC Electrical Specifications, compliance to datasheet limits is assured by one or more methods: production test,

characterization and/or design.

AC Electrical Specifications - Pin Driver

Slew Rate = Fastest Setting, Deskew = Bypassed, 1KQ Far End termination unless noted

ELE\ SEMICONDUCTOR

TABLE 19: AC ELECTRICAL SPECIFICATIONS - PIN DRIVER:

Document Number:

15-50280-10

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN ‘ TYP ‘ MAX ‘ UNITS
High Voltage Mode
- - _ o

o Opeateg Freaueney - X A0% oo g 12
C46 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) |Mid bias level Fmax_nvo.5 150 MHz
c47 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) |Fastest slew rate Fmax_nvi.0 145 MHz
Cc48 3.0V Programmed Swing (DVL = OV, DVH = 3.0V) |Rout calibrated Fmax_nva.0 115 MHz
C49 | 6.0V Programmed Swing (DVL = -1V, DVH = 5.0V) FMax_nve.o 70 MHz

Minimum Pulse Width measured at 50% amplitude [See Figure 7

point when waveform amplitude drops to 90% of  [10MHz tested fastest SLEW,

programmed value ROUT calibrated
C50 | 0.5V Programmed Swing (DVL = OV, DVH = 0.5v) ~[Mieasured S0.100C at high code. Town_ivos 3 ns
C51 | 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) |Measured 50-100°C Tewm_rv10 3 ns
C52 | 3.0V Programmed Swing (DVL = OV, DVH = 3.0V) Tewm_nva.o 3.2 ns
C53 | 6.0V Programmed Swing (DVL = -1V, DVH = 5.0V) Tewm_nve.0 4.5 ns

Driver Pulse Width Dispersion (abs value of the
C62 |A|Tpwin - Tpwout|as pw changes from 25ns down (See Figure 7 Tewo_nv 20 ps

to the pwmin, 1.0V swing, 1ns MPW, 1MHz tested)

[See Figure 13
Driver Overshoot/Undershoot/Pre-Shoot \Worst case value reported, max slew
used

C79 0.5V to 1V Programmed Swing VsHooT_Hv_Lo 1 %
Cc82 3.0V to 6V Programmed Swing VsHooT_Hv_HI %

Driver Crosstalk (Any Channel to Any Other Channel);;gfglsissgzg ?.nvifqt;ggtl:a ?'inzr::ilén.
C310 | 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) 0.5V Xtalk_HV 25 mVpp
C311 | 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) 1.0V Xtalk _HV 40 mVpp
C312 | 3.0V Programmed Swing (DVL = OV, DVH = 3.0V) 3.0V Xtalk _HV 75 mVpp
C313 | 6.0V Programmed Swing (DVL = -1V, DVH = 5.0V) 5.0V Xtalk _HV 85 mVpp
C72 gx‘ﬁr t?g%%f;%%g??gég::w: (I:))\y/;)gzsl-(le:) 0.8Y) ISee Figure 10 Teor_nv, TPoF_Hv 3.5 ns
C75 Output Active to Hi-Z ISee Figure 9 Tois_hv 7 ns
Cc77 Output HiZ to Active ISee Figure 9 Ten_nv ns
Cc88 Delay Tempco TCoLy_nv 3 ps/°C

Driver Programmable Slew Rate 10/90 R/F tested HVBias=8
C383 | Range SRerNG_HV 0.25 1.8 V/ns
C384 | Resolution (4 bits) SRRes_nv 0.1 V/ns
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AC Electrical Specifications - Pin Driver

Deskew = Bypassed, 50Q Far End termination unless noted. Output swings will be about %2 voltage of programmed swings.

TABLE 20: AC ELECTRICAL SPECIFICATIONS - PIN DRIVER

Document Number:
15-50280-10

SPEC # PARAMETER TEST CONDITIONS SYMBOL | MIN ‘ TYP ‘ MAX | UNITS
High Speed Mode
Maximum Operating Frequency - Fmax See Figure 12
10% Amplitude Reduction Mid Bias level
C400 |Absolute FMAX, Note 1 iSee Note 1 Fmax_ass 500 MHz
C54 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) |No pre-emphasis Fmax_nso.s 400 MHz
C55 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) [Rout calibrated Fmax_ns1.0 370 MHz
C56 2.0V Programmed Swing (DVL = OV, DVH = 2.0V) Fmax_ns2.0 320 MHz
Cc57 4.0V Programmed Swing (DVL = OV, DVH = 4.0V) Fmax_s4.0 250 MHz
Minimum Pulse Width measured at 50% point
when waveform amplitude drops to 90% of ISee Figure 11
programmed value ()
C58 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) |Measured 50-100°C Tewm_tso.s 1.2 ns
C59 1.0V Programmed Swing (DVL = 0OV, DVH = 1.0V) Tewm_ns1.0 1.2 ns
C60 2.0V Programmed Swing (DVL = OV, DVH = 2.0V) Tewm_ns2.0 1.2 ns
c61 4.0V Programmed Swing (DVL = OV, DVH = 4.0V) [See Figure 7 Tewm_Hs4.0 1.2 ns
ISee Figure 11
Driver Rise/Fall Time Load dependent, 50Q to ground
used, all levels 20/80%

C64 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) Tros5/Tr o5 500 ps
C65 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) Tr10/Tr 10 500 ps
7 toggles with 1 victim channel.

C66 2.0V Programmed Swing (DVL = OV, DVH = 2.0V) [See test setup in Tr_20/TrF 20 500 ps

characterization.
c67 4.0V Programmed Swing (DVL = OV, DVH = 4.0V) Tr_a.0/Tr a0 550 ps
ISee Figure 11
Driver Rise/Fall Time Matching (50Q2 terminated) |Load dependent, 500 to ground
used, all levels 20/80%
Cce8 0.5V Programmed Swing (DVL = OV, DVH = 0.5V) Tarr_o5 +5 %
Cc69 1.0V Programmed Swing (DVL = OV, DVH = 1.0V) Tare_1.0 +3 %
C70 2.0V Programmed Swing (DVL = OV, DVH = 2.0V) [See Figure 10 Tarr 20 5 %
C71 4.0V Programmed Swing (DVL = OV, DVH = 4.0V) Tarr 40 +5 %
Driver Pulse Width Dispersion (abs value of the
C63 |A|Tpwin - Tpwout| as pw changes from 25ns ISee Figure 7 Tewp_Hs 20 ps
down to the pwmin, 1.0V swing, 1ns MPW)
Driver Overshoot/Undershoot/Pre-shoot ISee Figure 13
C86 0.5V to 4V Programmed Swing Output 0.25-2V VsHoot_Hs +1 %
C74 Output Active to Hi-Z ISee Figure 9 Tois_ns 3 ns
C76 Output HiZ to Active ISee Figure 9 Ten_Hs 3 ns
c87 Drive Path Propagation Delay Tempco TCoLv_ns 3 ps/°C
NOTES:

1. Parts need tuning for 500MHz. This includes a higher DRV_BIAS_HS setting (0xA-F) which will consume more power, and a custom ROUT setting
down to ~480Q). The FMAX (90% output-point) will vary with programmed amplitude, normally about 1V.
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AC Electrical Specifications - High Speed Window Comparator

Deskew = Bypassed

TABLE 21: AC ELECTRICAL SPECIFICATIONS - HIGH SPEED WINDOW COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C97 |Comparator Path Propagation Delay Tempco TCoLv_cv 5 ps/°C
C98 |Comparator Minimum Pulse Width 90% output height Tewm_cv 1 ns

c94 Comparator Output Rise/Fall Time

20% to 80% Amplitude) Tested as LVDS Teev/Trcv 330 ps

Calculated from difference
C99 |Comparator Equivalent Bandwidth between fast edge (<100pS) Few_cv 1 GHz
and output edge

c100 Comparator Input Waveform Tracking (0-2V step, 100ps rise,| ATeor_cv/v

i 1.8 Ans/V

0.4, 1, 1.6V) See Figure 6 ATeor oy ns/
Common Mode Dispersion (DOUT_X Common Mode Voltage
= -1V to 5V, DOUT_X Signal = 10MHz, 1Vpp square wave . ATpor_cv/cuv

C10L . /60% duty cycle, Tr/Tf = Lns, CVA/CVB = 50% of square  [°°¢ e 3 ATeor_cv/cmy 18 Aps/V
wave amplitude)

. . . . = . AT

c103 Overdrive Dispersion (Overdrive = 200mV to 1V, 1V/ns input See Figure 5 PDR_CV/0DV 4 Aps/V
|slew rate) ATppr_cv/0pv
Pulse Width Dispersion (Sweep input PW from 50ns to MPW . - . ATeor_cv/PW

€102k 1Vpp swing and monitor TPDR_CV, TPDF_CV See Figure 4inlinear region | 7+ ovrew 26 Aps/ns

AC Electrical Specifications - Differential Mode Comparator

All AC tests performed after DC levels calibration; 1MHz, input transition time = 50ps, 20-80%; outputs terminated 50Q2 to GND (LVDS)

TABLE 22: AC ELECTRICAL SPECIFICATIONS - DIFFERENTIAL MODE COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C193 |Compare path Propagation Delay Tempco TCovyv_or 7 ps/°C

90% output height with 0/1V inputs
compared at 0.5V Amp

C194 |Comparator Minimum Pulse Width Tewm_or 1 ns

€195 |Comparator Calculated from difference between fast
edge (50pS) and output edge

AC Electrical Specifications - PPMU Comparator

Few_or 1 GHz

TABLE 23: AC ELECTRICAL SPECIFICATIONS - PPMU COMPARATOR

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C322 |Compare Path Delay Tempco Mean shift over time TCoLy_Pmu 100 ps/°C
C323 [FMAX, Note 1 0.4-0.8V input, CVA/B 600mV Temax_pmu 1 MHz

NOTES:

1. Itis not recommended to use the PPMU Comparator with AC signals, but it will reliably toggle with this input.
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AC Electrical Specifications - Timing Deskew

These specifications apply to all delay lines in Driver, Comparator, and PMU paths for all channels. Full delay measured from bypassed.

TABLE 24: AC ELECTRICAL SPECIFICATIONS - TIMING DESKEW

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C37 [Coarse LSB Delay Room Temp, Char Only TobLy_crs 700 pS
C38 |[Medium LSB Delay Room Temp, Char Only ToLy_mep 150 pS
C39 [Fine LSB Delay Room Temp, Char Only ToLy_FINE 18 pS
C40 [Rising edge adjustment unit delay Room Temp, Char Only ToLv_rea 80 pS
C41 |Falling edge adjustment unit delay Room Temp, Char Only ToLv_rea 15 pS
C42 Maximum delay line achievable delay [50C, Max code, Note 1 ToLv_max 10 nS

. . Char only, Tj 50 to 100, delay set to 10nS, + pS/°C

C45 |Delay line drift, factory compensated Note 2 TCoLy_comp +2 per nS

NOTES:

1. See deskew section for maximum code definition.

2. Better drift can be achieved with manual calibration of PTAT, but Ox1C is coded for typical production parts. Drift from all channels from

characterization.
AC Electrical Specifications - Serial Interface
TABLE 25: AC ELECTRICAL SPECIFICATIONS - SERIAL INTERFACE

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
C11 [SPI Clock Frequency Fmax_scLk 100 MHz
C12 [Chip Select Setup Time Max assert time after pos-edge of 1st cycle clock. Tsu_cs 800 ps

- i t =
C13  [Chip Select Hold Time De-assert in 315t cycle, measured from neg-edge of To.cs 200 ps
132nd clock
C14 |[Serial Clock High Time TewH_scLk 2 ns
C15 |[Serial Clock Low Time Tewe_scLk 2 ns
C16 |Data In Setup Time Tsu_pin 2 ns
C17 |Data In Hold Time Tho_pin 2 ns
C18 |Data Out Valid Time Clk neg-edge to SDO Valid TvaL_pour 4 ns
C20 |Data Out Tri-State CS rise to SDO undriven, not measured, by design Trs_pout 4 ns
C206 |Data Out Enable CS fall to SDO driven Ten_pout 2 nS
AC Electrical Specifications - PPMU
TABLE 26: AC ELECTRICAL SPECIFICATIONS - PPMU
SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
PMU Settling Time, High Step PMU FV into pure Cload to ground.
€139 10 to +.5V, High Cload = 10F, IR4) 10% to last ring > 5mV Tsn_wsesme 100 Hs
PMU Settling Time, High Step
€140 10 'to 5V, Low Cload = 100pF, IR4) Tonpstenc 70 hs
PMU Settling Time, Low Step
€141 | 100mV step, High Cload = 10nF, IR4) Ts_uste/ue 60 Ks
PMU Settling Time, Low Step
142 100mV step, Low Cload = 100pF, IR4) Tstisme/e 50 Hs
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AC Electrical Specifications - Active Load

TABLE 27: AC ELECTRICAL SPECIFICATIONS - ACTIVE LOAD

SPEC # PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS
c280 lload 0_utput Active to HiZTime  |50% rise of EN to lload (24mA) dropping Tois.ioa 3 ns
(Real Time Control) measurable current
lload Output HiZ to Active 50% fall of EN to lload sourcing measurable
281 (Real Time Control) current (24mA) Tenuom 5 ns

INPUT: Freq =10 MHz; 1.0V pp
50% duty cycle, 20-80% Tr,f = 1.0 ns

VDUTIO 4

VCC -3V

> Time
VEE +3V —
Veowpa_p- Veompa N A ' '
—> TPLH «— —> TPHL |<—
1 1
1 1
1 1
0.0v : ! > Time
FIGURE 4: COMPARATOR DISPERSION: COOMMON MODE MEASUREMENT DEFINITION
INPUT: Period = 50 ns; 0.8V pp
Tpw,in1=50 ns—PW mjn
Tpw,in2=PW min
20-80% Tr,f=0.5ns
VDouT_X
0.8V —+
CVA/B=0.4V
0.0v » Time
—>! Tpw,in2 ‘«—
e Tpw,inl —— >}
Veomea_p - Vcompa_nOT Veomes p - Veomps n* Tpw,outl E
Tpw,out2 — <« E
0.0v E » Time

FIGURE 5: COMPARATOR DISPERSION: PULSE WIDTH MEASUREMENT DEFINITION
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INPUT: Freq =10 MHz; 0.4V < Voumo (p-p) < 1.6V; Vcommon mode = 0.8V;
50% Duty Cycle, SR = 1V/ns

Vbout_x 4
1.6V \
1.0V +
0.8V | e
0.6V | i i
| i
| |
0.0V : : > Time
1 1
1 1
> ! 1 —— [
Vcowmpa_p - Vcompa N OF A { TPLH | P TPHL i
Vcowmps_p - Vcomes N E/ \E
0.0V : ; > Time
FIGURE 6: COMPARATOR DISPERSION: OVERDRIVE MEASUREMENT DEFINITION
INPUT: Freq = 10 MHz; 0 — Vourio ; 50% Duty Cycle;
VDouT x A
VHI + -
——————————————— ff--==----= CVAB =[80% Vhi ===----==--"Y---==------no-
i
1
1
1
i
18- CVAB = 50% Vhi ====----==-===q--=-\----ooooe-
1 1
i i
i i
1 1
i i
. CVAB =20% Vhi N W i
0.0v : : : L L ’ > Time
P Pl .
VCOMPA_P - VCOMPA_N or A E i i | - i i—)i TPHL1 i<—
VCOMPB_P - VCOMPB_N i [ PLH1 ! : : 1
1 iy H 1 ' |
0.0V : / — —> Time
1 1 1 1
i Pl i | '
Vcompa p - Vecompa nOF A —»E E le— TPLH2 E ! TPHL2 !
V, -Vt ! o : . i
COMPB_P - VCOMPB_N i i/ ! \i '
0.0v — L > Time
i i
1 1
Vcomm_p- Veomm N OF A ,i i‘ TPLH3 —>i TPHL3 E<—
Veomm_p- \eoms_N ! i * |
0.0V ; ; > Time

FIGURE 7: COMPARATOR DISPERSION: WAVEFORM TRACKING MEASUREMENT DEFINITION
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| B = —

DATA_P[X] - DATA_N[X]

1
1
— Epr,inZ

Period =50 ns
Tpw, in1 =50 ns — Pwmin
Tpw, in2 = PWmin

Tpw,in1

f

o.ov| : \ > Time
VouT 4 OUTPUT: OUT(H) = 0.8V; OUT(L) = 0.0V
0.4V
0.0V > Time
—> <«— Tpw,out2
Tpw,out1

A Tpw = |(Tpw, in1=Tpw, out1)— (Tpw, in2— Tpw, out2)|

The measured result is the maximum absolute value of the change in [Tpw,in-Tpw,out] as the P.W.
changes from 25ns to the endpoints of PWp, Ny @and [50ns-PW) NI

FIGURE 8: DRIVER DISPERSION: PULSE WIDTH MEASUREMENT DEFINITION

VOUT

VOH

— >

VOL + 0.9 * (VOH - VOL) f=-=-===============

Output
Signal

(VOH+VOLY?2 ---

]
I
I
T
I
I
I
I
I
I
I
1
]

VOL + 0.1* (VOH - VOL) f==n=n==n=msmmmmfmmmmmmoceo e\

VOL

FIGURE 9: DRIVER

Time

MINIMUM PULSE WIDTH MEASUREMENT DEFINITION
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VEn-En+
0.0V Time
ouT |
—>! TPZA e —!  TPAZ  «—
DVH
90%
10%
0.0v > Time
10%
DVL 90%

(RLOAD at OUT = 50Q to GND; DVH = +800mV, DVL =-800mV programmed)

Data is taken for testing with VIT enabled at OV

FIGURE 10: DRIVER HIZ ENABLE/DISABLE MEASUREMENT DEFINITION

DATA_P - DATA_N A
0.0V / \f > Time
out4 | |
i TPLH i TPHL
+0.8V—
R e e CEEES
0.0V > Time

FIGURE 11: DRIVER PROPAGATION DELAY: DHI TO OUT, SYMMETRY AND TRACKING SKEW MEASUREMENT DEFINITION
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VOUTA
OUT(H)
V1
V2
0.0V - “— > Time
V1is 0.9* OUT(H) for 3V and higher, 0.8* OUT(H) for 1V and lower
V2is 0.1* OUT(H) for 3V and higher, 0.2* OUT(H) for 1V and lower
FIGURE 12: TR/TF
VOUTY
OUT(H) 4—=zz-z--z-z-orosommmmcs—oree——————————— T__
0.90 OUT(H)
ourLyooVA—rnn——--—7¥#949———&—#/—+—&/+¢—¢— —— — "~ ———— > Time

FIGURE 13: DRIVER FMAX MEASUREMENT DEFINITION

VDOUT X

N

overshoot

V2 oo f--'- ~ N\ T\ 2I27%T ringback

V1

Test Cases: V1:V2 = DVL:DVH or DVT:DVH or DVL:DVT

FIGURE 14: DRIVER OVERSHOOT, UNDERSHOOT AND RINGBACK
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Datasheet Nomenclature
External Signal Nomenclature

All input and output pins, when referred to in the datasheet or in
any circuit diagram, use the following conventions:

o All capital letters (i.e., DATA_P_O),

e Underscores for clarity (i.e., EXT_FRC),

e Shown next to an I/0 circle in any figure,

e Pound sign used to signify that the signal name applies to
all channels (i.e., DATA_P_#).

High Speed Control

All real-time control and observations are accomplished via the
real-time input and output signals.

o DATA_P_#, DATA_N_# (Differential Inputs)

o ENA_P_#, ENA_N_# (Differential Inputs)

o COMPA_P_#, COMPA_N_# (Differential Outputs)

e COMPB_P_#, COMPB_N_# (Differential Outputs)

Analog Reference

All on-chip analog functions are related to one of several off-chip
precision reference inputs:

e VREF

e RREF
These external references are used to provide accurate and

stable analog circuit performance that does not vary over time,
temperature, supply voltage, or process changes.

ATE Manufacturer Solution

Channel Controller

m Pattern Generator
Timing Generator
Format Section
Error Section

All other blocks

SPI Programmed Control Line

All chip setup, configuration control, and writing to and reading
back of the internal registers is controlled through the 4-bit serial
SPI port. The SPI port is typically used to setup the operating
mode of the chip prior to executing a test, or to change modes
during a test.

An internal register chart in this datasheet documents all
programmable control sighals and their addresses and shows
how to program each internal signal.

Any internal signal, DAC level, or control signal that is
programmed via the SPI port uses a different nomenclature:

o All letters in the word are capitalized.
e Underscores are used for clarity.
e Shown with a Register square in any figure.

Control lines, internal registers, and other inputs are defined in
the Host Serial Bus Data section and listed in the Register Map
section of this datasheet.

Datasheet Symbols

—O PACKAGE_PIN
——— ] oncChipDAC Level

Intemal Signal

—D SPI Register

———— o Switch

4[] Multiplexer (MUX)

FIGURE 15: DATASHEET SYMBOLS

ElevATE ATE Solution

Mystery

Pin Electronics

PPMU DuT
Deskew

DAC

Digital Support Functions

FIGURE 16: ELEVATE ATE SOLUTION
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Driver/VTI/Load Block Diagram
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FIGURE 17: DRIVER/LOAD BLOCK DIAGRAM

July 24, 2023 36 www.elevatesemi.com


http://www.elevatesemi.com/

www.elevatesemi.com

COMPARATOR BLOCK DIAGRAM
37

FIGURE 18:

2023

—_
()
Q = 5
€ £ T £
=} 2 2
10
< 55 53
= o3z Q%
= al o=
()
=)
(9}
o
o Q
Qo x 9 < Q
o s 2 3 3 3 3 29
) ' 2 = 8 3
) B ss S
M, M, U, U, U, U, F_ M,
22
s = 2 s s ==
] U ”, U U &g
<< o o
33 33 3 3 33
oQg ¢ 20 o == 28
3AON dWO NNd [ S 3AON"dWO NG 3 S 300N dIND N 3 m, 300N dNO NN O m,
£ & £ i
o D, w o i m,
5 ] = s o
2 3 59 <] 3
0 O o ay 0
W [0:L VNI dwoo G [o:L VN3 dwoo 3 G [0:1 VNI 0o O
=
(€]
D
Q
P4
o
<
S
o}
%)
: = = = =
< = < <
2 g = g
o @
L B S = = o 2 =
= = =
g & 5 Gl 5
< - - < < @ o
3 2
4 3| 3o 3 o 3| 3
[o:1vNT dwoo O - S z [o:L VN dWoo O 5
|
N TAOTONd O\ -/ NITA0TOMd O-\E -/ NITAOTOMd O\~ 2/ NITA0T0¥d O 7/
LH3ANIVAN0D - o/ LH3ANIT8dW0D - 2/ LHIANI VIO O\ 7/ LNIANITEAN0D O\ 2/
NI ONN O-X_/ NI ONIN [ N3 ONI
t [0:5"30 S840 Vo O [0:5h3d S0 8dWo [0:5h3a7S¥0 Vo OO [0:shad S8 8d o
e m [0:zh3a™aaw vdwo O [0:Zh3a™aaw adwo [0:2Z3a™aaw vdwo O [0:zh3a"aaw adwo
_ “ [0:€11307 3N VdWo [ (3p=TepETNER: ETe) [0€1Ba 3N Vo O [o:€1T3a"aNId adino
n r
D [0:2lvay vdwo o lo:zlvay adwo B (7)) [o:Zlvay vdwo o [o:zlvay 8d
M0 |
x g o
t c [0:5va4 vdwo [0:6lvad adwo W zZ [0:6lva4 vdIo [o:glvad adwo
D BI VNI dWO MINSIA VNI dINO M3NS3a m T vna dwo mavs3a O VNI dNO"M3INS3TT
P4
T o
> ) 4o
{ L =) oo
m
) a 29 2% 24 9
S P" il & Z & N, & F
9 0 Q 9
> e 53 38 g3 58

July 24


http://www.elevatesemi.com/

Document Number:

Mystery Datasheet ELEN\ ......

PPMU Block Diagram

FORCE_ENA FORCE[7:0]
j FORCE BUS E
EXT_FRC
CAL_MH_ENA MXH_ENA[1:0] MON_MH7:0]
CAL_MH BUS
EXT_SNS_HI
. N | DIAGNOSTICS
MON_0A < MUX
CAL_ML_ENA MXL_ENA[1:0] MON_ML(7:0] (See Analog Mux
E MON_ML BUS Connections)
EXT_SNS_LO
A MON_ML BUS FB[1:0]
MON_REF_0/1 <
DGS |'> d
2,
0
DATA #
PMU_TESTMODE
- CON_COMP_RSEN([1:0]
FV_RTC_EN [
DISC_COMP_OUT
FV_DAC [] PMU_GAIN[1] CONNECT
Fv_B_DAC O
[ >—o < ) DOUT #
Even Channel
o[>+ y q
COMPC[4:0]
cH[_ »>—2 PMU_ENA
PMU_GAIN[2]
FI_DAC 3 -
y D FV Mux Output
CVB_DAC D_ 4 I_I‘_| PMU_GAIN[0]
VSENSE (VCLAMP) 0
cvapac[ H>—s VIl Clamps v )
6
M
FEEDBACK
0
1
DUT_MUX
REMOTE [
CONNECT
DOUT_#
. 0Odd Channel
Adajacent PMU1)
Channel
REMOTE

FIGURE 19: PMU BLOCK DIAGRAM
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Measure and Diagnostic Block Diagram

CAL_MH_ENA

iVIXHfENA[ﬂ

ELE\ SEMICONDUCTOR

MON_MH_1 BUS
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FIGURE 20: MEASURE AND DIAGNOSTIC MUX DIAGRAM
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Alarm Block Diagram

[ ]

VOLTAGE CLAMP CURRENT CLAMP

ALARM_FLAG7

ALARM_FLAG6
ALARM_FLAGS5
CLH_DIS ﬁtﬁim{ﬁg‘a‘ ALARM
ALARM_FLAG2
ALARM_FLAG1
CLL DIS 5
. > ALARM_MODE MSK_ALARM_PMU_VCH
ALARM PMU_VCH )
_ S J|_LARM LTCH PMU VCH [0 [~& M~
R
Vsense
ALARM_MODE
> MO MSK_ALARM_PMU_VCL
o ALARM_PMU_VCL
1 —N—1
CLL O—— S Q ALARM_LTCH_PMU_VCL 0
R
RNGH4] O
ALARM_MODE
ICH_IR50m ] > Mo MSK_ALARM_PMU_ICH
ICH_IR2m [ a ALARM_PMU_ICH )
y S g ALARM_LTCH PMU_ICH _ |g
R
RNGH] O > ALARM_MODE MSK_ALARM_PMU_ICL
- ALARM_PMU_ICL
ICL_IR50m [ ALARM_LTGH_PMU_ICL 1 ALARM_FLAGO
- S ! L A 0
ICL_IR2m [ RY )
) ALARM_MODE MSK_ALARM_SHORT
Driver MI +
- ALARM_SHORT ) Indicates a latch
Driver Ml Max that resets when
- LARM_LTCH_SHORT
(~60mA) 2 Q é = = 0 latch contents are
read or there is a
chip RESET. This
is shown below.
ALARM_FORCE
FIGURE 21: ALARMS
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Real-time Digital Inputs

Each channel has real-time digital inputs, DATA and ENA, which
control the real-time operation of the driver. Universal Inputs
DATA_P_#/DATA_N_# and ENA_P_#/ENA_N_# are differential
inputs that directly accept most standard technologies which
operate between VDD (+1.8V) and ground, without requiring any
external translation. The DATA and ENA inputs are optimized for
LVDS inputs.

On-Chip Terminations

Each channel’s DATA and ENA inputs have independent on-chip
termination options which support three different termination
schemes:

¢ No termination (open circuit)
e 100Q across the differential input

e 50Q single-ended termination
These termination schemes may be realized without requiring
any external resistors. Access and control of these termination

resistors is accomplished via the SPI port, through which the
individual enable bits can be set or cleared.

TABLE 28: ON-CHIP TERMINATIONS

DAT_TERM [1:0] EN_TERM [1:0] INPUT TERMINATION

No Termination
100Q Differential
100Q Differential
50Q) Single-Ended

DATA_P_#

\ 100Q

I
.

FIGURE 22: ON-CHIP TERMINATION FOR DATA AND ENABLE

DAT_TERM[1] [}

DAT_TERMI[O] [] \ 1000Q

DATA_N_#

ENA_P_#

EN_TERM[0] 1000 EN_TERM[1]

ElB|e|8
. S e B

ENA_N_#

50Q) Single-Ended Termination

Selecting this option creates a single-ended 50Q termination.
The inverting input then becomes the termination voltage for the
input signal and the appropriate termination voltage level must
be applied to this pin. Vterm must be able to handle any current
flow required for proper termination.

Document Number:
15-50280-10

ELE\ SEMICONDUCTOR

DATA P_#/ENA_P_#

50Q

DATA N_#/ENA N_#

Vterm

Y

FIGURE 23: SINGLE ENDED TERMINATION

1000 Differential Termination

By selecting this option, a 100Q resistance is connected between
the differential inputs, thus cleanly terminating differential inputs
connected by 50Q) transmission lines on the PCB.

Digital Signal Processing Options

Deskew

Each channel’s high-speed DATA, ENA, COMPA and COMPB
inputs have timing adjustment capability with the following
characteristics:

e Separate and independent delay circuitry for the DATA, ENA,
COMPA, and COMPB paths.
e Separate and independent delay circuitry for all channels.

e Propagation delay adjust (both rising (Tpd+) and falling
(Tpd-) edge are delayed equally).

e Falling edge adjust (FEA) (falling edge may be adjusted,
rising edge Tpd remains constant).

e Rising edge adjust (REA) (rising edge may be adjusted,
falling edge Tpd remains constant).

e Delay elements can be bypassed to reduce power
consumption.

CRS_DEL MED_DEL FINE_DEL FEA
XL ~K ~K ~K
CRS_DEL MED_DEL FINE_DEL FEA

THEE

FIGURE 24: DRIVER AND COMPARATOR DESKEW

DATA and ENA

{k{ COMPA and COMPB

July 24, 2023 41

www.elevatesemi.com


http://www.elevatesemi.com/

Mystery Datasheet

Deskew Temperature Compensation

The on-chip deskews have circuitry controlled by register bits
which help negate the effects of temperature change on the
performance of the deskew elements. There are two sets of

registers which are used to perform this function.

o The first register is stored in FUSE memory on chip. The
Deskew Temperature Compensation is calibrated during
ATE test and the calibration values are burned into FUSE
memory. These values can be used with no further input
from the user. By default, the calibrated values from ATE
test will be used for deskew temperature calibration. This
value cannot be read but will automatically be used
following a reset of the chip.

o The second register for deskew temperature compensation
is located within the normal channel registers. This register
can be accessed using the SPI port and is shown in Table
29.

TABLE 29: DESKEW TEMPCO

AMOUNT OF TEMPERATURE

DSKW_TEMPCO [4:0] COMPENSATION

00000 Negative Temperature compensation
10000 No Temperature compensation
11111 Positive Temperature Compensation

The selection on whether to use the calibrated value stored in
fuse memory or override the compensation with the value in the
DSKW_TEMPCO [4:0] register is made using the
DSK_TEMPCO_FUSE_OVRD bit.

TABLE 30: DESKEW TEMPCO OVERRIDE

DESKEW TEMPERATURE
DSKW_TEMPCO_FUSE_OVRD COMPENSATION VALUES TO USE
0 FUSE Memory

DSKW_TEMPCO [4:0]

While the DSKW_TEMPCO_FUSE_OVRD bit is set to ‘O’, writing
any value to the DSKW_TEMPCO [4:0] register will have no effect
on the deskew temperature compensation. The DSKW_TEMPCO
[4:0] register can be read or written to whether the
DSK_TEMPCO_FUSE_OVRD bit is set to ‘O’ or ‘1.

During ATE test the best Deskew Temperature Compensation
value for all 8 channels is measured and then averaged. This one
averaged value is then burned into Fuse Memory. The deskew
calibration compensation factors burned into fuse memory are
expected to meet the needs of most applications.

Propagation Delay Adjust

The propagation delay circuitry adds timing delay to the rising
edge (Tpd+) and the falling edge (Tpd-) in equal amounts.

Propagation delay adjustment is typically used for aligning the
timing of multiple channels inside a tester.
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ELE\ SEMICONDUCTOR

\nput
PWL (Pulse Width Low)

PWH 1Pulse Width High)

N

Output \\\\\\\\ ““\\\\

XXX_DELAY: XXX_CRS/MED/FINE_DEL = “111..""

XXX_DELAY: XXX_Ci _DEL =“100.."
XXX_DELAY: XXX_CRS/MED/FINE_DEL = “000...” (default)
XXX = “DAT”, “EN”, “CMPA”", “CMPB”

Note: PWL and PWH > 900ps

FIGURE 25: PROPAGATION DELAY ADJUST

The propagation delay circuitry is divided into three separate
blocks:

e Coarse Delay (CRS_DEL)
e Medium Delay (MED_DEL)
o Fine Delay (FINE_DEL)

Coarse Delay (CRS_DEL)

Coarse delay divides the overall delay range into equal segments
and then selects one of those delays. Coarse delay has a 6-bit
control.

e Tspan (CRS_DEL) = ~12ns
e Resolution = ~700ps

e “000000” = min delay,

e “100111" =
e “100111" = codes not allowed above this value

max delay,

There are 4 sets of coarse delay deskew paths on chip.

e DAT_CRS_DEL [5:0]: Delay for driver path deskew.
o EN_CRS_DEL [5:0]: Delay for enable path deskew.
e CMPA_CRS_DEL [5:0]: Delay for COMPA path deskew.
e CMPB_CRS_DEL [5:0]: Delay for COMPB path deskew.

Medium Delay (MED_DEL)

Medium Delay allows edge placement between coarse delay LSB
steps. Medium delay has a 3-bit control.

e Tspan (MED_DEL) = ~1050ps
e Resolution = ~150ps
e “000” = min delay, “111” = max delay

There are 4 sets of medium delay deskew paths on chip.

e DAT_MED_DEL [2:0]: Delay for driver path deskew.

e EN_ MED _DEL [2:0]: Delay for enable path deskew.

e CMPA_ MED_DEL [2:0]: Delay for COMPA path deskew.
e CMPB_ MED_DEL [2:0]: Delay for COMPB path deskew.
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Fine Delay (FINE_DEL)

Fine delay adjust makes very small corrections to Tpd+ and Tpd-
and affects both rising and falling edges equally. Fine Delay
allows edge placement between medium delay LSB steps. Fine
delay has a 4-bit control.

e Tspan (FINE_DEL) = ~270ps

e Resolution = ~18ps

e “0000” = min delay, “1111” = max delay

There are 4 sets of fine delay deskew paths on chip.

e DAT_FINE_DEL [3:0]: Delay for driver path deskew.

e EN_ FINE _DEL [3:0]: Delay for enable path deskew.

e CMPA_ FINE_DEL [3:0]: Delay for COMPA path deskew.
e CMPB_FINE_DEL [3:0]: Delay for COMPB path deskew.

Falling Edge Adjust (FEA)

The falling edge delay circuitry adds or subtracts timing delay to
or from the falling edge (Tpd-) while having no effect on the
rising edge (Tpd+). Falling edge adjustment is typically used for
removing any pulse width distortion inside a tester.

Input [ PWLPuseWidhlow) J
PWH (Pulse Width High) |

Output

—t

\ \— DRV/CMP_FEA: XXX_FEA[5:0] = “111111"
DRV/CMP_FEA: XXX_FEA[5:0] = “100000" (default)

DRV/CMP_FEA: XXX_FEA[5:0] = “000000"
XXX = “DAT", “EN", “CMPA", “CMPB"

Note: PWL and PWH > 900ps

FIGURE 26: FALLING EDGE ADJUST

FEA offers a range of falling edge adjustments as selected by the
SPI port. FEA has a 6-bit control.

e Tspan (FEA) 500 ps from -250ps to 250ps

e Resolution = ~15ps

e “010100”" = min FEA, “111111" = max FEA
FEA code values below 20 can be non-monotonic.

There are 4 sets of falling edge adjust deskew paths on chip.

o DAT_FEA [5:0]: Delay for driver path deskew.
e EN_FEA [5:0]: Delay for enable path deskew.
o CMPA_FEA [5:0] Delay for COMPA path deskew.
e CMPB_FEA [5:0]: Delay for COMPB path deskew.

Rising Edge Adjust (REA)

The rising edge delay circuitry adds or subtracts timing delay to
or from the rising edge (Tpd+) while having no effect on the
falling edge (Tpd-). Edge adjustment is typically used for
removing any pulse width distortion inside a tester.
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ELE\ SEMICONDUCTOR

Input
PWL (Pulse Width Low)

PWH (Pulse Width High)  ——

Output

& DSKW_CFG: XXX_REA[2:0] = “111"
DSKW_CFG: XXX_REA[2:0] = “100" (default)

DSKW_CFG: XXX_REA[2:0] = “000"
XXX = “DAT", “EN", “CMPA", “CMPB"

Note: PWL and PWH > 900ps

FIGURE 27: RISING EDGE ADJUST

REA offers a range of rising edge adjustments as selected by the
SPI port. REA has a 3-bit control.

e Tspan (REA) 500 ps from -250ps to 250ps

o Resolution = ~80ps.

e “000” = min REA, “111” = max REA.

There are 4 sets of rising edge adjust deskew paths on chip.

e DAT_REA [2:0]: Delay for driver path deskew.
e EN_REA [2:0]: Delay for enable path deskew.
e CMPA_REA [2:0]: Delay for COMPA path deskew.
e CMPB_REA [2:0]: Delay for COMPB path deskew.

Bypass Mode

All digital processing and deskew options may be bypassed
completely by having DATA, ENA, and CMP paths have direct
control over the output. Bypass mode results in the shortest Tpd
across the chip and is useful in applications where the digital
features and channel deskew are performed in an external IC.

o DESKEW_DRV_ENA: Power up enable for the drive path
deskew.

o DESKEW_EN_ENA: Power up enable for the enable path
deskew.

o DESKEW_CMP_ENA: Power up enable for the comparator

path deskew.
DESKEW_XXX_ENA

CRS MED FINE REA FEA

S N I T —

FIGURE 28: DESKEW ENABLE

TABLE 31: BYPASS MODE

DESKEW_DRV_ENA,
DESKEW_ENA_ENA,
DESKEW_CMP_ENA

DESKEW

Deskew Elements Included in the
Signal Path

Deskew Elements Bypassed and
0 Deskew Elements placed in a lower
power standby mode.

1
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Driver Output Modes SPI Port Control

There are 2 driver output modes: The SPI port can take control over the driver DATA and ENA

signals and override any real-time inputs.
Driver High Speed Mode (HS). The HS driver produces an output g y P

that has a constant rise time. The rise/fall time is independent of .
amplitude. The HS driver can swing across a range of OV to +4V. TABLE 33: FDAT

Driver High Voltage Mode (HV). The HV driver is slew rate FDAT [1:0] DATA PATH
controlled. The slew rate control is via a DAC setting in the
channel registers using the SPI port and produces an output that
has constant slew rate over a range of settings. The HV driver can 10 Force Data “0”
swing across a range of -2V to +6V. The slew rate control is
discussed later in this datasheet and uses the SLEW_HV_N and
SLEW_HV_P registers.

(0),4 Real-time inputs from DAT pins

11 Force Data “1”

TABLE 34: FENA

TABLE 32: DRIVER OUTPUT MODE

FENA [1:0] ENABLE PATH
DRV_ENA [1:0] MODE (0),4 Real-time inputs from EN pins
00 Reduced_ power standby state (both driver 10 Disable Driver
modes disabled)
01 HS Driver mode enabled 11 Enable Driver
10 HV Driver Mode enabled Internal Driver State Readback
11 Reduced power standby state (both driver . i
i The internal nodes DAT_STAT and EN_STAT may be read back via
modes disabled)
the SPI Port. These bits are read only.
Drlver outp"t contro' o EN_STAT: Internal state of the driver enable at the ENA pins.
The driver has a nominal 50Q2 output impedance when not in Hi-Z e DAT_STAT: Internal state of the driver data at the DATA pins.

and supports four output states:

Driver Termination and Hi-Z Mode

When disabled, the driver can either assume one of two modes
which are determined by the TERM_VTT bit. The driver can be

e High level (DVH)
e Low level (DVL)

¢ Termination voltage (VTT) disabled by using the real-time ENA_P_#/ENA_N_# inputs or via

e High impedance (Hi-Z) the SPI port. This is shown in the Driver Termination Table 35.
Data and Enable Sources TABLE 35: DRIVER TERMINATION
There are multiple sources for the driver data and enable inputs: DRIVER

TERM_VTT DRIVER OUTPUT

e Real time data and enable input pins - ENABLE

e Differential data and enable signals 0 0 Hi-Z Mode

e SPI port control VTT Mode. Driver terminated

1 0 through 500 to a programmed
voltage value on VIT
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TABLE 36: DRIVER TRUTH TABLE

°
= 1 — — g [ g ©
S = = < E E 8 5
E | F B e | 3| 3 £ £
[ S a
00 X XX XX X X Disabled Hi-Z
Driver Standby 11 X XX XX X X Disabled Hi-Z
01 0 0X 00 X 0 Disabled Hi-Z
01 X 0X 00 1 1 Enabled DVH
01 X 0X 00 0 1 Enabled DVL
01 1 0X 00 X 0 Enabled VvIT
01 0 10 XX X X Disabled Hi-Z
01 1 10 XX X X Enabled vIT
Driver HS Mode 01 0 11 00 1 X Enabled DVH
01 0 11 00 0 X Enabled DVL
01 0 11 10 X X Enabled DVL
01 0 11 11 X X Enabled DVH
01 (0} 0X XX X 0 Disabled Hi-Z
01 (0} 0X 10 X 1 Enabled DVL
01 0 0X 11 X 1 Enabled DVH
10 0 0X 00 X 0 Disabled Hi-Z
10 X 0X 00 1 1 Enabled DVH
10 X 0X 00 (0] 1 Enabled DVL
10 1 0X 00 X 0 Enabled VvIT
10 0 10 XX X X Disabled Hi-Z
10 1 10 XX X X Enabled vIT
Driver HV Mode 10 0 11 00 1 X Enabled DVH
10 0 11 00 0 X Enabled DVL
10 0 11 10 X X Enabled DVL
10 0 11 11 X X Enabled DVH
10 0 0X XX X 0 Disabled Hi-Z
10 0 0X 10 X 1 Enabled DVL
10 0 0X 11 X 1 Enabled DVH

July 24, 2023 45 www.elevatesemi.com


http://www.elevatesemi.com/

Mystery Datasheet

Differential Driver Mode

Adjacent channels may be combined into one differential
channel using the DRV_DIFF register bit. Adjacent channels are
grouped in the following pairs: 0/1, 2/3, 4/5, 6/7. The adjacent
channels are grouped for both the Data and Enable paths. This
mode produces complementary DATA outputs on adjacent
channels.

Either channel of the pair may be selected to control the
differential data and enable paths. Set the DRV_DIFF bit as
follows:

1. DRV_DIFF = “0” for Master Channel.

2. DRV_DIFF = “1” for Slave Channel. For the DATA path,
this channel will take the inverted data from the Master
Channel. The ENABLE path uses the same signal for
both the Master and Slave channels.

TABLE 37: DIFFERENTIAL DRIVER

DRV_DIFF DIFFERENTIAL DRIVER PATH
0 Master Channel in differential driver mode. (This mode
is also used for normal single ended driver mode)
1 Slave Channel. This enables differential driver mode

Driver Data and Enable Inversion

The SPI port can invert the polarity of the DATA and ENABLE
signals. This inversion is useful to allow one single DATA input to
drive adjacent channels to the same logic level.

TABLE 38: DAT_INVERT/EN_INVERT

DAT_INVERT EN_INVERT SIGNAL
0 True signal
1 Inverted signal

High Voltage Driver Slew Rate Adjust

The HV driver has independent adjustments for the rising and
falling edge slew rates via the SPI port.

SLEW_HV_P[3:0]

DATA o

| DVH_DACDj\

DRV_BIAS_HV[3:0] [}—
DRV_BIAS_HS[3:0] C—

DVL_DACD—/,/

[ =]
SLEW_HV_N[3:0]

>——Q pout_#

IEN

FIGURE 29: SLEW AND BIAS CONTROL
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SLEW_HV_P =1111 SLEW_HV_P = 0000
SLEW_HV_P = 1000

SLEW_HV_N = 1000

SLEW_HV_N = 1111 SLEW_HV_N = 0000

FIGURE 30: SLEW RATE ADJUST

TABLE 39: DRIVER SLEW RATE

SLEW_HV_P [3:0]
SLEW_HV_N [3:0] DRIVER SLEW RATE
0000 Minimum Slew Rate
1000 Recommended Slew Rate Setting
1111 Maximum Slew Rate
Driver Bias

The HV and HS driver output stages have a programmable bias
current to allow applications that require slower edge rates to
consume less power.

o DRV_BIAS_HV: Sets High Voltage Driver Bias Current
o DRV_BIAS_HS: Sets High Speed Driver Bias Current

TABLE 40: DRIVER BIAS

DRV_BIAS_HV [3:0]

DRV_BIAS_HS [3:0] DRIVER BIAS
0000 Minimum Driver Bias
1000 Recommended Driver Bias Setting
1111 Maximum Driver Bias

Driver Bias and Slew Rate Settings

The bias settings have a significant impact on rise and fall time
when operating at maximum slew rate.

The bias settings will also impact the output impedance and
driver levels. Therefore, bias settings should be chosen prior to
calibrating Rout and calibrating all driver levels.

Driver Pre-Emphasis

A Pre-Emphasis circuit in the driver aids to overcome and
compensate for primarily on-chip parasitic effects. At maximum
setting there may be some peaking observable at the output that
could help compensate for line loss. This peaking can help
compensate for roll off due to capacitive loads at the end of the
transmission line. The compensation circuit is only applied to the
High-Speed Driver.
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TABLE 41: DRIVER PRE-EMPHASIS

HS_PRE [3:0] PRE-EMPHASIS

0000 Minimum Pre-Emphasis

1111

Maximum Pre-Emphasis

Adjustable Output Impedance

The HS and HV drivers are desighed to maintain constant output
impedance regardless of changes due to:

e Ambient Temperature
e Part to Part variation

Nominal ROUT (Output Impedance) for the HS and HV drivers is
50Q.

Output Impedance Adjustments

The driver output has circuitry controlled by the SPI port that can
set the output impedance of the driver to 50Q2. There are two
sets of registers that perform this function.

o The first set of registers are stored in FUSE memory on chip.
The output impedance registers are calibrated during ATE
test and the calibration values are burned into FUSE
memory and can be used with no further input from the
user. By default, the calibrated values from the ATE test will
be used for the output impedance calibration values. These
values can be read and will automatically be used following
a reset of the chip. Refer to the FUSE section of this
datasheet for information on reading the calibrated values.

o The second set of registers for output impedance
adjustments are stored in the normal channel registers.
These registers can be accessed using the SPI port and are
shown in Table 42 and explained here:

e |t is possible to make fine adjustments to the driver ROUT
for sourcing and sinking resistances. These adjustments are
accomplished through independent registers. The ROUT has
an adjustment range that can move the impedance slightly
up and down and is guaranteed to calibrate to 50Q. This
can be used to accommodate transmission line impedance
errors on a PCB board, as well as to adjust a characteristic
in a waveform’s performance.

e RO_SRC_HS [3:0]: HS Driver output sourcing resistance.
e RO_SRC_HV [3:0]: HV Driver output sourcing resistance.
e RO_SINK_HS [3:0]: HS Driver output sinking resistance.
e RO_SINK_HV [3:0]: HV Driver output sinking resistance.
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The selection on whether to use the calibrated values stored in
FUSE memory or override the output impedance adjustment
values in the channel registers is made using the
RO_SRC_SNK_FUSE_OVRD bit.

TABLE 43: DRIVER OUTPUT IMPEDANCE OVERRIDE

DRIVER OUTPUT IMPEDANCE
RO_SRC_SNK_FUSE_OVRD VALUES TO USE
0 Fuse Memory

RO_SRC_HV [3:0]
RO_SINK_HV [3:0]
RO_SRC_HS [3:0]
RO_SINK_HS [3:0]

While the RO_SRC_SNK_FUSE_OVRD bit is set to ‘0", writing any
value to the RO_SRC_HV, RO_SINK_HV, RO_SRC_HS, and
RO_SINK_HS registers will have no effect on the driver output
impedance. The RO_SRC_HV, RO_SINK_HV, RO_SRC_HS, and
RO_SINK_HS registers can be read whether the
RO_SRC_SNK_FUSE_OVRD bit is set to ‘0’ or ‘1.

Ring Osclllator Mode

Each channel may be placed into a ring oscillator mode
configuration where the DAT, COMPA, COMPB, and ENA paths
are fed back to each other to form a loop. This loop is primarily
used for test and characterization of the deskew paths, and it
may also be used for calibrating each of the deskew elements.
The frequency of two or more generated signals with different
settings can be measured and compared to observe the deskew
vernier linearity and resolution. The deskew elements for DAT,
COMPA, COMPB, and ENA paths must all be enabled while in ring
oscillator mode.

Ring Oscillator Mode - Enable

The ring oscillator function is enabled using the RING_EN register
bit.

TABLE 44: RING_EN DATA/ENABLE PATH

DATA PATH SOURCE
RING_EN ENABLE PATH SOURCE
0 DATA_P_#/DATA_N_#,
ENA_P_#/ENA_N_#
1 RING_#

TABLE 45: RING_EN COMPARATOR PATH

TABLE 42: ROUT ADJUSTMENT RING_EN COMPARATOR PATH
0 COMPA_P_#/ COMPA_N_#,
RO_SRC_HV [3:0] COMPB_P_#/COMPB_N_#
RO_SINK_HV [3:0] 1 RING_#
RO_SRC_HS [3:0] ROUT ADJUSTMENT
RO_SINK_HS [3:0] Ring Oscillator - Start Up
0000 Maximum ROUT
The ring starts up by the SPI port executing a RING_PULSE
° ° transaction. This write-only function fires off a one-shot pulse that
0111 Nominal ROUT initiates the ring oscillation. In most cases however, the
RING_PULSE is not needed, and the ring oscillator will start when
* * the part is configured in the ring oscillator mode.
1111 Minimum ROUT
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Only one SPI transaction is needed to start-up the ring oscillator. e DESKEW_EN_ENA=1
The deskew path for the DATA, COMPA, COMPB, and ENA paths N A1 . . .

S o . FENA [1:0] = O (The FENA mux is bypassed in the ring
must all be enabled while in Ring Oscillator Mode. oscillator configuration. When RING_EN = 1. The Driver is

automatically enabled.)
e FDAT[1:0]=0
e RING_EN=1
e RING_PULSE = 1 (Usually not necessary)

Ring Oscillator Mode:

e Select Drive Mode (HS or HV)

e Set DVH and DVL to desired levels
e DESKEW_DRV_ENA=1

o DESKEW_CMP_ENA=1

RING_PULSE O

0 FDAT[1:0]

TEST

0 DESKEW_DRV_ENA

(O pout_#

[1:0]

DESKEW_CMP_ENA
0 RING_EN
0 COMP_ENA|

L.

o O,
COMPA_N_# g _|

< -

g 5

z z <

o, - &

[©) o

© (2}

0] w

o

0] ‘0 12

ENA P # —ls

EN_TERM[1:0] 0.,

ENA_N_#

[1:0]

DESKEW_CMP_ENA
0 RING_EN
O COMP_ENA|

COMPB_N_# ]

FIGURE 31: RING OSCILLATOR
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Active Load

The active load consists of source and sink current sources, and a
commutation buffer. The circuitry emulates an actual diode
bridge but is built with current mirrors and steering circuitry. Each
channel’s active load may:

e Switch between 2 active load ranges (24mA and 1mA)

e Source up to 24mA

e Sink up to 24mA

o Be placed in a high impedance state

ENA_P_#
EN_TERM[1:0] $
ENA_N_#

|
ILSRC_DAC D—%

{JILOAD_CONNECT

[JILOAD_RT

{JILOAD_ENA

VTT_DAC
VTT_ILOAD_DAC

e—— pouT_#

FIGURE 32: ACTIVE LOAD

Commutating Voltage

The active load commutating buffer and the VIT termination
functions are mutually exclusive in that the SPI port sets up
which resource is active when the driver goes into HiZ.

The on-chip DC level VTIT_ILOAD is used to set the commutating
voltage of the active load.

ILSRC# |

Voltage(@DOUT_#)
ILSNK#

VTT_ILOAD#

FIGURE 33: COMMUTATING VOLTAGE

The programmed ILSRC# current loads the device under test
when (V-DOUT < VTT_ILOAD). The programmed ILSNK# current
loads the device under test when: (V-DOUT > VTT_ILOAD).

Note: V-DOUT: Voltage at the DOUT pin.
Load Enable Sources
The active load may be activated by:

e SPI port

o ENA_P_#/ENA_N_# input pins
Active Load Enable

The active load block can be powered down using the ILOAD_ENA
bit. This bit powers down the ILSNK and ILSRC currents and
switches the commutating voltage between VTT and VTT_ILOAD.
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TABLE 46: ILOAD_ENA

ILOAD_ENA ACTIVE LOAD BLOCK
0 Active load block powered down. VTT level
selected for input to DAC
1 Active load block powered up. VIT_ILOAD level
selected for input to DAC

TABLE 47: ACTIVE LOAD ENABLE

CHANNEL
EN | ILOAD_RT | ILOAD_CONNECT | ILOAD_ENA ACTIVE
LOAD
X X X 0 Hiz
1 1 X 1 Hiz
0 1 X 1 Active
X 0 1 1 Active
X (o] 0 1 Hiz

Source and Sink Currents

The source and sink current levels are independent and supplied
by on-chip programmable current sources and may be
programmed to different values.

The active load has the ability to switch between 2 active load
current ranges using the ILOAD_RANGE [4:0] bits: 1mA and
24mA.

TABLE 48: ACTIVE LOAD RANGE

ILOAD_RANGE [4:0] ACTIVE LOAD RANGE
0 24mA Range
1 1mA Range

TABLE 49: ILSRC_DAC REGISTER

ILOAD_RANGE=0 | ILOAD_RANGE =1

ILSRC_DAC[15:0] | goyRCE CURRENT | SOURCGE CURRENT
0000 Hex OmA OmA
FFFF Hex 24mA 1mA

TABLE 50: ILSNK_DAC REGISTER

ILOAD_RANGE=0 | ILOAD_RANGE =1
ILSNK_DAC [15:0] SINK CURRENT SINK CURRENT
0000 Hex OmA OmA
FFFF Hex 24mA 1mA

The active load contains compensation for stability. There are 5
bits of compensation for the active load loop.
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TABLE 51: ACTIVE LOAD COMPENSATION

ILOAD_COMP_MODE[4:0]

(Bits[4:1] = Unused) COMPENSATION

Default Compensation.

(o]
Recommended for most use cases.

Use Register ILOAD_COMP[4:0]
1 register bits listed in Table 52 for
compensation settings.

TABLE 52: ACTIVE LOAD COMPENSATION SETTINGS

ACTIVE LOAD COMPENSATION
ILOAD_COMP[4:0] SETTINGS
0x00 Minimum Compensation.
Ox1F Maximum Compensation.

Comparator Overview

Each channel supports two sets of differential comparator output
signals, COMPA_P_#/COMPA_N_# and COMPB_P_#/
COMPB_N_#, that may be driven by a variety of signal sources:

o Functional comparators

e PMU comparators

e SPI port

e Differential common-mode comparators

e Differential differential-mode comparators

Threshold Generation

The following per channel comparator threshold reference levels
are independent on-chip DC levels programmed through the SPI
port.

e CVA_DAC, CVB_DAC

e CVA_PMU_MV_DAC, CVB_PMU_MV_DAC

e CVA_PMU_MI_DAC, CVB_PMU_MI_DAC

e CVA_DIFF_DAC, CVB_DIFF_DAC
Internal State Readback
The internal nodes CVA_STAT, CVB_STAT, CVA_PMU_STAT, and
CVB_PMU_STAT may be read back via the SPI port.

TABLE 53: COMPARATOR READBACK REGISTERS

COMPARATOR READBACK

REGISTER DESCRIPTION

State of Comparator A Output
CVA_STAT (Single Ended or Differential: Depends
on state of COMP_ENA [1:0])

State of Comparator B Output
CVB_STAT (Single Ended or Differential: Depends
on state of COMP_ENA [1:0])

CVA_PMU_STAT State of PPMU Comparator A

CVB_PMU_STAT State of PPMU Comparator B
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Comparator Inversion

The SPI port can invert the polarity of the comparator signal.

TABLE 54: COMPARATOR INVERSION

COMPA_INVERT

COMPB_INVERT COMPARATOR SIGNAL
0 True Comparator Signal
1 Inverted Comparator Signal

Comparator Source Selection

The SPI port defines the comparator operating mode.

TABLE 55: COMPARATOR SOURCE SELECTION

COMP_ENA [1:0] REAL-TIME WINDOW COMPARATOR
00 All comparators disabled
01 Single-ended compare
10 PPMU compare enabled
11 Differential compare enabled

All Comparators Disabled

The SPI port can disable the comparators to save power in
applications where the window comparators are not used. When
the real-time comparators are powered down, the SPI port must
be selected as the comparator signal path source
(FRC_CV_EN=1) in order for the comparator outputs to be in a
defined state. Disable the comparators using the following
setting: COMP_ENA [1:0]='00'.

Single Ended Compare

The single-ended functional comparator is a high-speed window
comparator with extremely low input leakage current when DOUT
is between the power supply rails VEE and VCC. It is normally
selected for real-time functional testing of the Device Under Test.
DAC voltage levels CVA_DAC and CVB_DAC control the
comparator thresholds. Enable single ended compare mode
using the following setting COMP_ENA [1:0]='01".

TABLE 56: COMPARATOR TRUTH TABLE

CONDITION COMPA COMPB
DOUT < CVA_DAC DOUT < CVB_DAC 0 0

DOUT < CVA_DAC DOUT > CVB_DAC

DOUT > CVA_DAC

0
DOUT < CVB_DAC 1
1

Rr|o |k

DOUT > CVA_DAC DOUT > CVB_DAC
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COMP_ENA[1:0] = ‘01’

COMPA_P_#
COMPA_N_# ——<] cvabac

Details such as deskews and muxes purposely omitted from this diagram

— CVB_DAC

CVB_STAT

DOUT_#

CVA STAT

FIGURE 34: SINGLE ENDED COMPARE

PPMU Compare

The parametric measurement unit comparator is a window
comparator with its input generated by the PPMU and is normally
selected for parametric testing of the Device Under Test. The
PPMU inputs for the comparator are generated by the PPMU MI
(measure current) or the PPMU MV (measure voltage) circuitry.
Enable PPMU compare mode using the following setting:
COMP_ENA [1:0] = ‘10'.

This circuitry translates the current or voltage being sensed into
an output voltage that can be compared against an upper and
lower limit. This can create a 2-bit “go/no-go” window
comparator test. The “go/no-go” comparator is useful for
production testing when data logged values are not necessary.

When in PPMU compare mode, the PMU_CMP_MODE bit must
also be set. This bit selects between MV and MI. DAC voltage
levels CVA_PMU_MV, CVA_PMU_MI, CVB_PMU_MV, and
CVB_PMU_MI control the PMU comparator thresholds.

TABLE 57: PPMU COMPARE MODE

PMU_CMP_MODE COMPARE TYPE
0 Measure Voltage (MV)
1 Measure Current (Ml)

[ pmu_cmp_moDE
] cVB_PMU_MI_DAC

DOUT_#

[ PMU_CMP_MODE
[ CVA_PMU_MI_DAC
[J cvA_PMU_MV_DAC

Details such as deskews and muxes purposely omitted from this diagram

FIGURE 35: PPMU COMPARE

ELE\ SEMICONDUCTOR

Differential Compare

Two adjacent channels may be combined into one differential
comparator that tracks both the common mode voltage and
differential voltage of the input signal:

Document Number:

e Common mode voltage between DOUT_#(Even) and
DOUT_#(0dd): In common mode operation, the comparators
track the sum of the two input signals divided by 2.

o Differential voltage between DOUT_#(Even) and
DOUT_#(0dd): In differential mode operation, the
comparators track the difference between the two inputs.

Common mode detection is output on the odd numbered
channel and differential mode detection is output on the even

numbered channel.

{Jcve_piFF_pac

{] cvA_DIFF_pAc  [DIFF

_| pIFF
comp

<] cve_piFF_bAC

{Jcva_DIFF_bAc

——O0

DOUT_#
O ooo Giaannee

15-50280-10

DOUT_#
EVEN CHANNEL

Details such as deskews and muxes purposely omitted from this diagram

FIGURE 36: DIFFERENTIAL COMPARE

TABLE 58: DIFFERENTIAL MODE COMPARATOR

« | @
[-M [N
CONDITION § §
(DOUT Even - DOUT Odd) | (DOUT Even - DOUT Odd) | o
< (CVA_DIFF_DAC) < (CVB_DIFF_DAGC)
(DOUT Even - DOUT Odd) | (DOUT Even - DOUT Odd) | 1
< (CVA_DIFF_DAC) > (CVB_DIFF_DAGC)
(DOUT Even - DOUT Odd) | (DOUT Even - DOUT Odd) | o
> (CVA_DIFF_DAC) < (CVB_DIFF_DAGC)
(DOUT Even - DOUT Odd) | (DOUT Even - DOUT Odd) | , 1
> (CVA_DIFF_DAC) > (CVB_DIFF_DAGC)
TABLE 59: COMMON MODE COMPARATORS
| &
CONDITION § §
(DOUT Even + DOUT (DOUT Even +DOUTOdd < | |
0dd)/2< (CVA_DIFF_DAC) (CVB_DIFF_DAC)
(DOUT Even + DOUT (DOUT Even +DOUTOdd) | o |
0dd)/2< (CVA_DIFF_DAC) > (CVB_DIFF_DAC)
(DOUT Even + DOUT (DOUT Even +DOUTOdd) | , |
0dd)/2> (CVA_DIFF_DAC) < (CVB_DIFF_DAC)
(DOUT Even + DOUT (DOUT Even +DOUTOdd) | , |
0dd)/2> (CVA_DIFF_DAC) > (CVB_DIFF_DAC)
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SPI Comparator Control

The SPI port can set the Comparator A and B status and override
any real-time status from the measurement unit. This SPI control
allows the comparator outputs to be placed in a known state,
typically for calibration, diagnostics, and debugging purposes
within a tester. This is also useful when the comparator is
powered down to ensure the comparator outputs are in a known
state.

This override is accomplished using the FRC_CV_EN register bit.
This bit forces the output value of the comparators to the values
programmed into the CVA_D and CVB_D bits.

TABLE 60: FRC_CV_EN

FRC_CV_EN COMPARATOR OUTPUT

0 Comparator operates normally and responds to

normal input signals.
1 Comparator output states forced to the value
stored in the CVA_D and CVB_D registers.
COMPB_P_# 7Hcve o
COMPB_N_# 0 4§
FRC_CV_EN

COMPA_P_# 1{cvap
COMPA_N_# 0 4§

Details such as deskews and muxes purposely omitted from this diagram

FIGURE 37: SPI COMPARATOR CONTROL

Comparator Output Stage

Each channel has CML differential output pins which can be
connected to several types of interfaces. The FlexlO_LS register
bits can be used to level shift the common mode output voltage
to support different types of interfaces such as LVDS and CML.

ELE\ SEMICONDUCTOR
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TABLE 61: FLEXIO_LS UNTERMINATED

oso.isizay | VOAE o | votrage coumon
(010} 0.5V 1.25
01 0.5V 1.10
10 0.5V 0.95
11 0.5V 0.80

TABLE 62: FLEXIO_LS TERMINATED TO 1002 DIFFERENTIAL

VOLTAGE OUTPUT | VOLTAGE COMMON
Flexl0_LS [1:0] DIFFERENTIAL MODE
00 0.25V 1.25
01 0.25V 1.10
10 0.25V 0.95
11 0.25V 0.80
VDD
)
Mystery
FLEXIO_LS[1:0]
500 COMPA_P_#/
COMPB_P_#
( () soa

COMPA_N_#/
COMPB_N_#

10mA

() soa

Receiver

FIGURE 38: INTERFACING TO LVDS 1002 DIFFERENTIAL
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PPMU Overview

Each channel has a PPMU (Per-Pin Parametric Measurement
Unit) with the ability to:

e Force Current (FI)

e Force Voltage (FV)

o Measure Current (MI)
e Measure Voltage (MV)

The current and voltage measured by the PPMU may be tested
via two separate mechanisms:

e On-board PPMU window comparator (This is shown in the
PPMU Compare section above).

e An analog output voltage is available on the analog test and
calibration buses.

Power Saving Mode

The forcing op amp may be placed into a power saving mode.

TABLE 63: PMU_ENA

PMU_ENA FORCING OP AMP STATUS

0 Power saving mode with reduced bandwidth and slew.

Active

Setting PMU_ENA to O reduces quiescent power consumption by
lowering the PMU bias current by 75%. The PMU will continue to
operate while in power saving mode, but accuracy and
functionality are not guaranteed.

High Impedance

The PMU can be placed into a high impedance state using the
CONNECT switch. Care should be exercised when doing this due
to the large transient response possible when switching out of
this mode.

TABLE 64: CONNECT

CONNECT SWITCH
0 Open
1 Closed

TABLE 65: CONNECT RESISTANCE

SWITCH RESISTANCE
Connect 150
PMU_ENA CONNECT
FV_DAC D_l_ L_rl
rv.Boac[D>—— PMU e—O DOUT_#

FI_DAC D—,_

FIGURE 39: PMU ENABLE AND CONNECT
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When disabled through the CONNECT switch, the PMU maintains
an extremely low leakage current when DOUT remains between
the two analog supply levels, VCC and VEE.

1

V(DOUT)

|
‘ vce

FIGURE 40: HIGH IMPEDANCE

DATA #
PMU_TESTMODE

) DOUT_#

cLL
CLH

FioAc [ >

FV Mux Output
CVB_DAC

v s w ~ = o

CVA_DAC

(D

o
[
o
o

[

FIGURE 41: PPMU FV/FI

PPMU Operating Mode

The decision whether to force current or voltage, or to measure
current or voltage, is controlled by the SPI port. There are no
restrictions between Force Voltage and Force Current and
Measure Voltage and Measure Current in that all combinations
are legal modes.

TABLE 66: PPMU FORCE FUNCTION

FLLFV PPMU FORCE FUNCTION
FV
Fl
PMU Test Mode

The PMU may be set to a test mode that connects one of several
internal DAC voltages to the PMU output. This mode is used
during production tests and DAC calibration. Under most normal
cases, PMU_TESTMODE should be set to ‘0’.

To view the raw internal DAC voltage, form the PMU_TESTMODE
mux output, the MON_MH bus (see Table 100) must be selected
to connect to the “FV Mux Output”. Please review the Diagnostic
and Monitor section of this datasheet for more detail on the
MON_MH analog bus.
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TABLE 67: PMU_TESTMODE

FV MUX OUTPUT DAC SELECTION
FV_DAC
CCL (Voltage Clamp Low DAC)

PMU_TESTMODE

CCH (Voltage Clamp High DAC)
FI_DAC
CVB _DAC
CVA_DAC
DUT_MUX*

~
Bl o |d|lw|Nd|Rr |0
(3]

Not Used

*DUT_mux is the output of the MUX that selects between DUT
feedback and remote sense (adjacent DUT) feedback. This
feedback path is not gated by the connect switch so the user can
use this input to reduce glitching on connection. If the PMU is in a
tight loop and disconnected with the PMU_TESTMODE mux set to
DUT_MUX, the user can set the PMU up to force the same voltage
is present on the DUT pin. This enables the user to be able to
connect at the same voltage as the DUT.

Force Voltage (FV)

In FV mode, the voltage at DOUT is offset and will track any
voltage changes on the DGS pin. The DGS pin should be
connected to the ground of the device under test.

The resulting forcing voltage is FO = F + DGS. This is shown in
Figure 40.

Force Voltage Input Source

The Force Voltage input to the main forcing op amp can be
sourced from either the FV_DAC or FV_B_DAC register level
inputs. This selection is made using the SPI port or by use of the
external DATA pins. By using the DATA pins, the Force Voltage op
amp can be switched between the FV_DAC and FV_B_DAC levels
without writing any registers.

TABLE 68: FV_RTC_EN

FV_RTC_EN FV_SEL DATA F
0 0 X FV_DAC
0 1 X FV_B_DAC
1 X 0 FV_DAC
1 X 1 FV_B_DAC

Current Ranges

The PMU can force current over 50mA. In order to achieve
maximum accuracy while still being able to measure smaller
currents, five current ranges are supported.
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RNG[0]

2uA Range ~ 250kQ E

RNG[1]

20pA Range  25kQ

RNG[2] CONNECT

2.5kQ
PPMU 200uA Range W E’—< ) bout
RNG[3]
R 2mA Range 2500 E._
RNG[4]
100
50mA Range E.,_
FIGURE 42: CURRENT RANGES
TABLE 69: PMU CURRENT RANGES
:
E CURRENT
" *
I||_|I RNG [5:0] RANGE IMAX RSENSE
=
=
(-8
0 000001 IRO +2pA 250k2
0 000010 IR1 +20pA 25kQ
0 000100 IR2 +200pA 2.5kQ
0 001000 IR3 +2mA 250Q
(o] 010000 IR4 +50mA 10Q
0 100000 N/A NA NA

*Imax of a current range is defined as the current that creates a
500mV drop across the current range resistors. There is no hard
limit, except for the current clamps, within the part to exceed
IMAX for each current range. The currents that exceed Imax will
simply continue to create a large voltage drop across the current
range resistors until a headroom condition is reached.

The PMU_TERM_ENA bit must be set to ‘O’ for the RNG bits to
have any effect on the range switches. This bit, when set to ‘1,
puts the PPMU into termination mode and is discussed later in
this datasheet.

The SPI selects the current range by setting the range select bit
high. Each range select bit has independent control, allowing a
wide variety of “make before break” options when changing
current ranges.

It is possible to select more than one range simultaneously.
However, this option should be used only when changing ranges
as a means of controlling the transient response associated with
changing ranges or changing modes.

Activating more than one range simultaneously will have the
effect of placing the current range resistors in parallel thus
altering the transfer function. Activating more than one range at
a time is not recommended for taking measurements.
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Measure Current

The current across the sense resistor will create an analog
voltage that is proportional to the current flowing through DOUT.
Imax is determined by the current range selection. There is a
transfer function between the current at the DOUT pin and the
voltage measuring the current at the MON_# pins.

TABLE 70. MEASURE CURRENT TRANSFER FUNCTION

VOLTAGE ACROSS SENSE lour
RESISTOR
-500mV -Imax (Sinking current)
ov 0
+500mV +Imax (Sourcing current)

There are three options for measuring current in the Mystery
chip. Each of these options use the Monitor and Diagnostics
buses discussed later in this datasheet.

e Ml Output - The MI Output has a voltage reference of 2.25V.
When no current is measured, the output voltage is 2.25V.
For each selected current range, the voltage can vary
+1.25V from the reference voltage of +2.25V. The voltage
corresponds to zImax and whether the PMU is sourcing
current or sinking current. The M| output measuring
instrumentation amplifier has a gain of 2.5, therefore the
+500mV across the sense resistor is gained up to £1.25V.

e Ml Output 2X - This option is the same as the Ml Output
above except the voltage swing for tlmax is double to
+2.5V. The MI output 2X measuring instrumentation
amplifier has a gain of 5.0.

o Ml Input+/MI Input - This is a differential voltage measured
between Ml Input+ and Ml Input-. A differential
measurement between Ml Input+ and MI Input- will vary
from +500mV to -500mV. A differential voltage of OV
indicates O current.

These three options can be chosen using the MON_MH and
MON_ML analog test buses. Please see Table 100 and Table 101
for selecting each option.

The PPMU current vs output voltage for the 50mA range is shown
below. Please see Table 101 for selecting each option.

Volt(v)

FIGURE 43: PPMU COMPLIANCE CURRENT
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PPMU Architecture

The PPMU is made up of a two op-amp output stage architecture.
The two stages are: Input op-amp and the output op-amp:

o The output op-amp is low gain so it can respond quickly to
changes in the output.

e The input op-amp is high gain to provide a more accurate
voltage.

With this architecture, there are feedback options for:
e Total PPMU including both output stages.
e The output op-amp stage.

Total PPMU Voltage Feedback

There are multiple voltage feedback nodes to the inverting input
of the forcing op amp. The forcing op amp is automatically
protected against going open loop when the PPMU goes into HiZ.

TABLE 71: VOLTAGE FEEDBACK OPTIONS

< w
=
s | 8| z| 8| B y
g 2 | | E| & g
a 8 =
0 X X X X Tight Loop
X 0 X X X Hiz
X 1 1 1 X Fl
1 1 0 1 0 Local Sense
1 1 0 1 1 Remc_wte Sense - Using
adjacent channel
1 1 0 (0] X Open Loop Not Suggested
Tight Loop Feedback

With Loop = 0, the forcing op amp will be configured as a unity
gain amplifier tracking FV. Tight loop is the default condition
upon reset or power-up.

The tight loop configuration is NOT used for any traditional PMU
Fl or FV function. It is used mainly for:

e Stable default conditions
o Resistive load applications

Local Sense Feedback

The inverting feedback to the main forcing op-amp is at the DOUT
pin. This will normally be the Feedback option used.

Remote Sense Feedback

Adjacent channels can be arranged in pairs to support a PMU
remote sense mode. In remote sense mode, the output of one
channel is used to force voltage while the DOUT pin of the other
adjacent channel is used as a remote voltage sense input. Either
channel in the adjacent pair can be used to as the forcing pin
while the other channel’s pin is used for remote sense. This
option ensures the most accurate voltage at the load by
eliminating IR (current * resistance) drops caused by trace
resistance. This option uses two DOUT pins to accomplish this
greater accuracy.
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TABLE 72: REMOTE FEEDBACK

REMOTE FEEDBACK
0 Local sense will be selected at DOUT pin.
Sense is connected to the adjacent channel DUT pin.
1 Adjacent odd/even channels can be used to sense voltage
at the DUT.

Output Op-Amp Voltage Feedback

There are three voltage feedback nodes to the inverting input of
the output op-amp. The output op-amp is located just after the
internal PPMU compensation caps.

TABLE 73: FB OPTIONS

FB [1:0] FEEDBACK

Feedback from the ampilifier output. This is the internal

00 side of the sense resistor.

Feedback is from DOUT pin. If this option is used, the
01 CONNECT switch is included in the feedback path. With this
option, the CONNECT switch should always be closed.

Feedback is from just inside the CONNECT switch. This is

the recommended FB for all PPMU use and is the default
connection. This option does not depend on the CONNECT
switch being opened or closed.

FB [1:0] = 1X is the default setting for the FB register and is
recommended for all use. It has been observed when changing
this option during use, a glitch can be seen on the output.

Force Current (FI)

In F1 Mode, the transfer function in Table 72 translates the
current measured across a chosen RNG[5:0] resistor into an
output current. The output of the Ml instrumentation amplifier is
used as the feedback to the forcing output amplifier. The DAC
level voltages in Fl mode match the voltages across the RNG[5:0]
resistors. The FI_FV bit must be set to ‘1’ for Force Current Mode.

The PMU FI loop uses the same DAC voltage range as used for FV
(-2V to +6V nominal). The Ml amplifier has a nominal output
range of 1.00V to 3.50V (Full Scale Range) with 2.25V
corresponding to OmA, so Fl uses only about 1/3 the available
DAC range over Mystery’s specified current range. Use care when
programming the FlI DAC to avoid forcing excess current by using
the FV Current clamps.

Mystery = Fl Mode

FI_DAC

Current Flow
DOUT_#

)
N\

Load

Complete Details Not Shown

FIGURE 44: FORCE CURRENT MODE
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TABLE 74: FORCE CURRENT DAC CODES TRANSFER FUNCTION

FI_DAC CODE 10UT
B0O0OO +Ilmax (Sourcing) Nominal
8000 0]
5000 -Imax (Sinking) Nominal

Note: The values Table 74 are approximate values used for the
FI_DAC codes.

Fl Voltage Clamps

Each PMU has a set of programmable voltage clamps that limit
the voltage output when the PMU is forcing current. The voltage
clamps protect the DUT when current is being forced into a high
impedance node. There are independent clamps for both High
Voltage and Low Voltage. The voltage clamps are only available
in Force Current mode.

The internal voltage clamps override the PPMU to reduce output
current from the internal PPMU but do not limit any external
current sources.

The clamps may be turned off by setting CLL_DIS = 1 and
CLH_DIS = 1, in which case the clamps have no effect while
DOUT varies between the supply voltages VCC and VEE. CLL_DIS
disables the low voltage clamp, CLH_DIS disables the high
voltage clamp. The CLH_DIS/CLL_DIS register bits are shared
with both voltage clamps and current clamps.

TABLE 75: CLL/CLH_DIS

CLL/CLH_DIS Vsense VOLTAGE CLAMPS
1 X Not Active
0 Vsense > CLH DOUT = CLH
0 Vsense < CLL DOUT =CLL
0 CLL < Vsense < CLH Not Active

When active, if the sensed voltage exceeds the high or low
voltage clamp, the PMU reduces the output current until the
output voltage does not exceed the clamp. If the voltage
subsequently returns to within the clamp thresholds, the PMU
resumes forcing the programmed current.

The PMU voltage clamps are programmable with an 8-bit DAC.
These can be set anywhere within the operable range of the
PPMU.

TABLE 76: PMU VOLTAGE CLAMP LOW

CLL [7:0] BRt [7] UNUSED PMU VOLTAGE CLAMP LOW
00000000 -2.2V
01111111 4.0V
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TABLE 77: PMU VOLTAGE CLAMP HIGH

CLH [7:0] BR [7] UNUSED PMU VOLTAGE CLAMP HIGH
00000000 0.0v
01111111 6.2V
|
Imax
Fl CLH
\Y
CLL
-lmax

FIGURE 45: PMU VOLTAGE CLAMPS

FV Current Clamps

Each PPMU has two ranges of programmable current clamps
which limit the amount of current flow when the PMU is forcing
voltage. These clamps are useful in protecting the DUT from an
over current situation. There are independent clamps for both
sourcing and sinking. The Current Clamps are only available
when the PMU is in Force Voltage mode.

The 2 current clamp ranges correspond to the 2 upper PPMU
current ranges:

e 50mA range (8-bit setting)
o 2mA range (3-bit setting)

The current clamps ranges are automatically set by the Measure
Current ranges. The 50mA current clamp range is automatically
set when the IR4 range is enabled (RNG=0x10). The 2mA current
clamp range is used for all other Measure Current ranges
selected.

In the current ranges less than 2mA, the current is normally self-
limited to the voltage drop caused by the output current and
sense resistor (RSENSE).

The clamps may be turned off by setting CLL_DIS = 1 and
CLH_DIS = 1, in which case the clamps have no effect while
DOUT varies between the supply voltages VCC and VEE. CLL_DIS
disables the sinking clamp, CLH_DIS disables the sourcing
clamp. The CLH_DIS/CLL_DIS register bits are shared with both
the voltage clamps and current clamps.
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TABLE 78: CURRENT CLAMPS

g.'_'.'i::'; CURRENT CURRENT CLAMPS
1 X Not Active
0] Current > *ICH DOUT = *ICH
0 Current < *ICL DOUT = *ICL
0 *ICL < Current < *ICH Not Active

*ICH/*ICL can be either the 50mA range or the 2mA range.

When active, the Current Clamps sense the current supplied by
the PMU. If the current is within the boundaries set by the
clamps, no action is taken. If the measured current exceeds the
upper or lower current clamp, the PMU reduces the output
voltage until the output current does not exceed the clamp. If the
current subsequently drops back to within the clamp levels, the
PMU resumes forcing its programmed voltage.

The internal current clamps override the PMU current only and
does not limit external sources.

|
ICH

FV Vv

ICL

FIGURE 46: CURRENT CLAMPS

The 2 current clamp ranges are separated into sourcing and
sinking registers.

TABLE 79: CURRENT CLAMP REGISTER SETTING

REGISTER CURRENT CURRENT CLAMP RANGE
ICH_IR50m [7:0] 50mA Sourcing ~2mA to 70mA
ICL_IR50m [7:0] 50mA Sinking ~-2mA to -70mA

ICH_IR2m [2:0] 2mA Sourcing ~3mA
ICL_IR2m [2:0] 2mA Sinking ~-3mA

The 50mA clamp allows the user to set the clamp levels from
+70mA down to about +2mA.

The 2mA clamp is a coarse clamp that is intended to be
calibrated to 3mA and left there just for gross DUT protection.
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PPMU Termination Mode/Reslistive
Load

The PPMU may be connected and disconnected through the SPI
port in order to provide a resistive load. This gives the user
options for terminations resistances with different values other
than the 50Q2 termination available from the PE driver. The
PPMU terminations are not intended to provide good RF
termination. Connections available for “Termination Only” are not
allowed when measuring current.

Load Termination Resistance

Voltage ’—’\/\/\/—O DOUT_#

FIGURE 47: PPMU TERMINATION

Load Voltage

To establish the load voltage source, the following is
recommended.

e FI_FV =0 (FV mode)

e FV/FV_B = Desired Termination Voltage

e Loop = 0 (Tight Loop)

e PMU_ENA=1

e CONNECT=1

The forcing op amp will now be a low impedance voltage source.

PPMU Termination Mode

The resistance between the load voltage and DOUT will be the
series combination of the resistors, switch resistances, and
termination mode resistors. The combination of resistances
depends on which termination mode is used and how much
resistance is needed.

RNG_TERM[0]

2uA Range 155k 50k 45k
- Termination Only
NoMi
RES[S] 4
5k T
RNG_TERM[1]
20pA Range 15.5k0 5kQ 4560
? ]
- Termination Only !
T | RESH L
5000
PPMU RES[] &
—_——
5000
3 Load RNG_TERM[2]
Voltage | 200pA Range 2.5kQ
v .—O pouT
- CONNECT
RNG_TERM[3]
2mA Range 2000 —
\
LOOP=0 RNG_TERM[4]
50mA Range Ny —e
RES[0] % 125Q Total
1=
T
- Termination Only RES{1] & 5700 Total
NoMi Iyl
=
RESEZ] #‘ 14250 Total

-C

FIGURE 48: PPMU TERMINATION MODE
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To enable Termination Mode, PMU_TERM_ENA must be set to ‘1’.

TABLE 80: PMU_TERM_ENA

PMU_TERM_ENA PMU# TO DOUT_#

Normal PMU operation. PPMU resistors set by

0 RNG [5:0] bits.
PPMU Termination Mode enabled.
1 Termination resistors set by RNG_TRM [5:0]
bits.

When PPMU Termination Mode is enabled (PMU_TERM_ENA = 1),
range control for the PMU resistors switches over to the
RNG_TRM [5:0] register bits. When PMU_TERM_ENA is disabled
(PMU_TERM_ENA = 0), all the RNG_TRM bits are forced to ‘0’ and
control of the PPMU resistors is set by the RES [5:0] bits.

TABLE 81: PMU TERMINATION RESISTORS

< - W
& e
u, - §
= =

3 B IMAX* RSENSE
EI 1 [T]
2 £ g
= ] 2
(3 Q
1 | 000001 IRO +2uA 250kQ
1 | 000010 IR1 +20pA 25kQ)
1 | 000100 IR2 +200pA 2.5kQ
1 | 001000 IR3 +2mA 2500
1 | 010000 IR4 +50mA 100
1 | 100000 NA NA NA

Additional termination resistances can be added using the RES
[5:0] bits. These bits can only be used in PPMU Termination
Mode (PMU_TERM_EN = ‘1’). When PMU_TERM_ENA is disabled
(PMU_TERM_ENA = 0), the RE [5:0] bits are ignored.

TABLE 82: RES [6:0] BITS

=
o - 8
E' () =
& ) ~
] E‘ 5 TERMINATION RESISTANCE
o' &
= [
(-9
1 RES [0] 1250 1250
1 RES [1] 570Q 570Q
1 RES [2] 14250 14250
5KQ When used in Conjunction with

1 RES [3] 500Q RNG_TRM [1]

10KQ Used in Conjunction with
1 RES [4] 500Q RNG_TRM [1]

50KQ2 Used in Conjunction with
1 RES [5] 5KQ RNG_TRM [0]
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PMU Compensation

The PMU has variable compensation capacitor settings which can
be changed to:

1. Be more stable under large capacitive loads.

2. Have a faster settling transient response when the DUT
undergoes a change in load currents.

These settings will allow the adjustment of the internal dominant
pole for optimal stability. This must be lower than the pole
created by the sense resistor and load capacitor. Switching in the
compensation can cause glitches, therefore it is best to do this
when the PMU is disconnected (CONNECT = 0). There is a trade-
off between stability and transient response performance. The
larger the compensation capacitor, the more stable the PMU will
be. However, the response settling times will be slower.

TABLE 83: COMPC

COMPC [4:0] VALUE
00001 10pF
00010 20pF
00100 40pF
01000 70pF
10000 150pF

The compensation capacitors are in parallel and can be used in
any combination. When 2 or more are selected, the
compensation capacitance is additive.

Recommended settings:
For Cload < 150pF use 0b11000
For Cload < 0.1 yF use Ob11111

Output Op-Amp Compensation

The PPMU has an internal loop compensation capacitor for
feedback loop stability. This capacitor can be disconnected to
trade response time for stability. Under heavy capacitive load
conditions, this compensation can be disconnected to speed up
the output. The internal compensation can be connected or
disconnected as follows:

TABLE 84: DISCONNECT OUPUT COMPENSATION

DISC_COMP_OUT COMPENSATION
0 Connected
(Recommended setting for most cases)
1 Disconnected

Rsense Compensation

Compensation capacitors can be connected across the Rsense
range resistors to further fine tune settling response. It is
recommended that both bits be set to “1”.
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TABLE 85: RSENSE COMPENSATION

CON_COMP_RSEN [1:0] OUTPUT COMPENSATION
11 Recommended Setting

PMU Gain Control

Gain control within the PMU can be fined tuned to aid in stability
and settling times. The PMU_GAIN [3:0] register bits can change
the gm (open loop gain) of several operational amplifiers within

the PMU.

TABLE 86: PMU GAIN CONTROL

PMU_GAIN [3:0] GM SETTINGS

Bit O Selects lower clamp gm

Bit 1 Selects lower input gm to the PMU
Bit 2 Selects higher output gm of the PMU
Bit 3 Unused

TABLE 87: RECOMMENDED PMU GAIN CONTROL SETTINGS

For all current ranges.

PMU_GAIN [3:0]
0000

Channel Alarms

Each channel has the ability to detect a fault for the following
conditions that will cause an alarm.
1. FV Current Clamp High
FV Current Clamp Low
Fl Voltage Clamp High
Fl Voltage Clamp Low
Driver short

ok, wnN

6. Manually force an alarm for testing

Each of the alarms can be real time or latched and can be read
back using the SPI port. Once the latched version of each alarm
is set, it will remain high until cleared by an SPI port read or a
chip level reset. The latched values are read only and are cleared
when read. The real time Alarm can also be read back through
the SPI port but are not cleared on a read.

Each channel has an ALARM_FLAG which is the logical ‘or’ of all
the alarm bits of each channel. Each of the alarms can be
masked from setting the ALARM_FLAG for each channel. The
ALARM_FLAG is either derived from the latched alarm bits or the
real time alarm bits based on the ALARM_MODE bit. The state of
the ALARM_FLAG may also be read back using the SPI port.

The ALARM_MODE bit sets the alarm mode for all the alarms of
each individual channel.

TABLE 88: ALARM MODE

ALARM_MODE MODE
0 Latched mode with clear on read
1 Real time mode (unlatched)
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ALARM_MODE [J
MSK_ALARM_PMU_VCH [J
ALARM_PMU VCH -
ALARM_LTCH_PMU_VCH B
ALARM_MODE ]
MSK_ALARM_PMU_vCLO]
ALARM_PMU_VCL -
ALARM_LTCH_PMU_VCL

ALARM_MODE ]

MSK_ALARM_PMU_ICHO]

ALARM_LTCH_PMU_ICH

ALARM_MODE [J
- MSK_ALARM_PMU_ICL]
ALARM_PMU_ICL

ALARM_LTCH_PMU_ICL

ALARM_MODE [J MSK_ALARM_SHORT [
ALARM_SHORT -
ALARM_LTCH_SHORT

ALARM_FORCE [

(] ALARM_FLAG
(Readback bit)

FIGURE 49: ALARM FLAG

FV Current Clamp Alarm

The Force Voltage current clamps alarms are enabled when the
current clamps are enabled. There is a high current alarm and a
low current alarm. These are enabled/disabled using the
CLH_DIS/CLL_DIS bits. These bits are discussed in the Current
Clamp section of this datasheet.

Current clamps are used to identify an overcurrent situation and
raise a flag.

TABLE 89: CURRENT CLAMP ALARMS

ALARM_MODE MODE ALARM
ALARM_LTCH_PMU_ICH
g Latchgl ALARM_LTCH_PMU_ICL
ALARM_PMU_ICH
1 Unlatched ALARM_PMU_ICL

The Current Clamp Alarms can be masked from setting the
ALARM_FLAG for each channel.

TABLE 90: MSK_ALARM

MSK_ALARM_PMU_ICL

MSK_ALARM_PMU_ICH ALARM
0 Alarm Enabled
1 Alarm Masked

Fl Voltage Clamp Alarm

The voltage clamps alarms are enabled when the current clamps
are enabled. There is a high voltage alarm and a low voltage
alarm. These are enabled/disabled using the CLH_DIS/CLL_DIS
bits. These bits have been discussed in the Voltage Clamp
section of this datasheet.

Current clamps are used to identify an overcurrent situation and
raise a flag.
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TABLE 91: VOLTAGE CLAMP ALARM

ALARM_MODE MODE ALARM
ALARM_LTCH_PMU_VCH
0 Latched ALARM_LTCH_PMU_VCL
ALARM_PMU_VCH
1 Unlatched ALARM_PMU_VCL

The Current Clamp Alarms can be masked from setting the
ALARM_FLAG for each channel.

TABLE 92: VOLTAGE CLAMP MASK

MSK_ALARM_PMU_VCL

MSK_ALARM_PMU_VCH ALARM
0 Alarm Enabled
1 Alarm Masked

Driver Short

The Driver Short Alarm is enabled when the driver short circuit
protection is engaged. The alarm indicates when the driver is
sourcing or sinking over 60mA.

The Driver Short can be latched or real time.

TABLE 93: ALARM MODE - DRIVER SHORT

ALARM_MODE MODE ALARM
Latched ALARM_LTCH_SHORT
1 Unlatched ALARM_SHORT

The Driver Short Alarm can be masked from setting the
ALARM_FLAG for each channel.

TABLE 94: DRIVER SHORT ALARM MASK

MSK_ALARM_SHORT

ALARM

0

Alarm Enabled

1

Alarm Masked

Alarm Force

Manually assert an alarm for diagnostics or testing.

TABLE 95: ALARM MASK

ALARM_FORCE ALARM
0 Normal Operation
Set ALARM_FLAG bit
Chip Alarm

The ALARM pin indicates that an alarm from one of the channels
has occurred. The ALARM output is a logical ‘or’ of the
ALARM_FLAG bit from all the channels. This output is open-drain
and needs an external 10k resistor to VDD.
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VDD

TABLE 97: MON_MH/MON_ML PIN CONNECTIONS

ALARM_FLAG7 10k

ALARM_FLAG6 BUS PIN CONNECTION

ALARM_FLAGS5

ALARM_FLAG4 MON_MH_0 MON_O

ALARM_FLAG3 ALARM

ALARM_FLAG2 MON_MH_1 MON_1

ALARM_FLAGH1

ALARM_FLAGO MON_ML_O MON_REF_O
MON_ML_1 MON_REF_1

FIGURE 50: CHIP ALARM

Monitor and Diagnostics

A group of five analog test and calibration buses are
implemented for various use measurements. These buses are
used to route internal diagnostic nodes and measure voltages to

MON_MH and MON_ML Transfer Function

When measuring voltage, the MON_MH/MON_ML buses have a
1:1 transfer function with the voltages they are measuring.

When measuring current, the voltage at MON_MH/MON_ML
varies proportionally to the current flow and is dependent of the
measure path used. Please refer to the Measure Current section

external pins that can be measured for test, calibration, and and Table 68.
diagnostic analysis. The pins that can be connected to these
buses are MON_O, MON_1, MON_REF_0, MON_REF_1, FORCE Bus

EXT_SNS_HI, EXT_SNS_LO, EXT_FRC. There are internal switches
controlled through the SPI port that make each one of these
connections possible. The buses and usage are listed below.

TABLE 96: MEASUREMENT AND CALIBRATION BUS

MON_MH and MON_ML Buses

e There are two MON_MH and two MON_ML buses. The
MON_MH_O0 and MON_ML_O buses connect to the output
pins MON_O and MON_REF_O. The MON_MH_1 and
MON_ML_1 buses connect to the output pins MON_1 and

MON_REF_1.

e The MON_MH_O0 and MON_MH_1 buses can be connected
to the CAL_MH bus using the MXH_ENA [bit O] register bits.

e The MON_ML_O and MON_ML_1 buses can be connected to

the CAL_ML bus using the MXL_ENA [bit 1] register bits.

The FORCE bus is used to connect the DOUT_# pin to the
EXT_FRC pin. This is a low impedance path which can be used for
voltage or current calibration. To connect the DOUT_# pin to the
EXT_FRC pin, both the FORCE [#] and the FORCE_ENA switches
must be closed using the SPI port. Typical switch values are

shown in Table 97 below.
MEASUREMENT AND
USAGE
EADEHATIONEDS TABLE 98: FORCE_ENA
Connects each channel. PPMU output to
e the EXT_FRC pin. FORCE_ENA FORCE BUS
CAL MH Connects the MON_MH_0 and MON_MH_1 =
— bus to the EXT_SNS_HI pin 0 FORCE bus disconnected from EXT_FRC pin
CAL_ML Connects the MON_ML_O and MON_ML_1 1 FORCE bus connected to EXT_FRC pin
bus to the EXT_SNS_LO pin.
Connects to the positive output of the TABLE 99: FORCE_ENA/FORCE[7:0] SWITCH RESISTANCE
MON_MH_O selected channel diagnostic mux. Can be =
MON_MH_1 connected to the MON_O or MON_1 pin or
to the CAL_MH bus. SWITCH TYPICAL SWITCH RESISTANCE
Connects to the negative output of the FORCE ENA 300
MON_ML_O selected channel diagnostic mux. Can be —
MON_ML_1 connected to the MON_REF_O or FORCE[7:0] 30Q
MON_REF_1 pin or to the CAL_ML bus.
CAL_MH and CAL_ML Buses

The CAL_MH bus is used as an interconnect between the
MON_MH buses and the EXT_SNS_HI pin. EXT_SNS_HI is
connected/disconnected using the CAL_MH_ENA bit. The
CAL_ML bus is used as an interconnect between the MON_ML
buses and the EXT_SNS_LO pin. EXT_SNS_LO is connected/
disconnected using the CAL_ML_ENA bit. These connections are
used during calibration and other voltage measurements.

TABLE 100: CALMH_ENA

e The MON_MH_O, MON_MH_1, MON_ML_O, and MON_ML_1 CAL_MH_ENA CAL_MH BUS
buses are connected to output pins as listed in Table 95. 0 CAL_MH bus disconnected from EXT_SNS_HI pin
These buses are connected to the external pins using high i
impedance unity gain buffers. These buffers are added to be 1 CAL_MH bus connected to EXT_SNS_HI pin

able to drive an external load and prevent IR drops across
external switches which induce measurement error.

July 24, 2023

61

www.elevatesemi.com



http://www.elevatesemi.com/

Document Number:

Mystery Datasheet ELEN\ ......

CAL_ML_ENA CAL_ML BUS N!ON_RE_F isa ref_erence signal used as the inverting input to.a
differential off-chip ADC. The SPI port selects the reference signal
0 CAL_ML bus disconnected from EXT_SNS_LO pin as well as controls the high impedance function.
1 CAL_ML bus connected to EXT_SNS_LO pin
MYSTERY
Analog Mux Connections + MON_J\ L
() FORCE_#
Table 100 and Table 101 list analog nodes accessible through ADC ).
the MON_MH and MON_ML calibration busses. MON_REF_0
e Use the MH_SELGP [1:0] and MH_SEL [4:0] to connect to
the MON_MH buses. M MON_1 Q) Force_#
ADC
e Use the ML_SELGP [1:0] and ML_SEL [4:0] to connect to the P - \;(
MON_ML buses. MON_REF_1

MH_SELGP [1:0] and ML_SELGP [1:0] selects which subgroup
(column) of the analog nodes will be selected.

MH_SEL [4:0] and ML_SEL [4:0] selects which internal channel
node within the selected subgroup for connection to the CAL_MH
or CAL_ML bus.

FIGURE 51: MONITOR REFERENCE
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Analog Mux Connections
TABLE 102: ANALOG MUX CONNECTIONS - MON_MH
MH_SELGP [1:0]
MH_SEL [4:0] PMU (0) Drive (1) Comparator (2) Deskew (3)
0 No Connect No Connection No Connection No Connection
1 DOUT output DVH DAC_HV
2 FV Mux Output, Note 1 DVL DAC_HV
3 MI Output, Note 2 VTT DAC_HV
4 MI Input +, Note 3 Temp Vb
5 Vref
6
7
8
9
10
11
12 GND_REF DVH DAC_HS
13 MI Output 2X, Note 4 DVL DAC_HS
14 DUT_REMOTE VTT DAC_HS
15

NOTES:

1. FV Mux Output. Mux is used to access internal DAC voltages and force them at the PMU output. This output is mainly used to calibrate internal DACs. This
selection is made using the PMU_TESTMODE register.

2. Reference Voltage for Ml Output is 2.25V.
3. Reference Voltage for Ml Input+ is Ml Input-. The ADC is doing the difference measurement. Common Mode range for Ml Inp and Ml Inn is approx. -1.5 to

5.5V.

4. Reference Voltage for Ml Output is 2.25V. This M| measurement has a gain of 2.

TABLE 103: ANALOG MUX CONNECTIONS - MON_ML

ML_SELGP [1:0]
ML_SEL [4:0] PMU (0) Drive (1) Comparator (2) Deskew (3)
0 No Connection No Connection No Connection No Connection
1 DGS DGS
2 GND_REF GND_REF
3 2.25V Ref, Note 1 2V_REF
4 Ml Input- Temp Va
5
6
7
8
9
10
11
12
13
14
15
NOTES:
1. 2.25V Reference on ADC_ML can be measured relative to GND_REF on ADC_MH.
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External Components and Temp
Temperature Sensing

There are four sets of temperature diodes on chip that can be
muxed to the MON_MH and MON_ML buses using the SPI port.
These buses are discussed in the Monitor and Diagnostics
section above. The temperature measurement is a differential
voltage with the two voltages being generated using matched
diodes. The two matched diodes are driven with different
currents. The two voltages generated create a transfer function
that track the internal junction temperature of the Mystery
device. All circuitry and currents for temperature measurements
are generated on chip.

As mentioned above, there are four sets of temperature diodes.
Each set is shared between 2 adjacent channels (Channels 0/1,
2/3,4/5, 6/7). If measuring the temperature on 2 adjacent
channels, the user would read the same temperature.

The two internally generated voltages are:

e TempVa
e Temp Vb
When measured, these may be used to calculate the junction

temperature associated with the set of diodes as shown in the
following equation.

TJ[°C] = 1987 « (Vb - Va) - 273

The on-chip temperature sensor provides a means for monitoring
the relative temperature change of the IC. It is not intended for
absolute temperature measurements.

DUT Ground Sense (DGS)

The actual ground reference level at the DUT may be different
than that used by the DAC reference. DGS is a high impedance
analog voltage that provides a means of tracking the destination
ground and making an additional offset to the programmed
internal DAC level, so the programmed level is correct with
respect to the DUT. There is only one DGS input pin per chip.

DUT

m Optional Buffer
N {
J7 1> DGS

FIGURE 52: DGS

MYSTERY

The input at DGS should be:
o Filtered for noise
e Stable
e Reflect the actual ground at the DUT

DGS is not added into the DC level when measuring a current by
the PMU or forcing a current.
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Required Off Chip Components

A precision voltage reference level and external resistor is
required per chip. However, there may be a need for decoupling
capacitors on the power supply pins. The need for decoupling
capacitors is dependent upon the particular application and is
therefore system dependent.

VREF

VREF is an analog input voltage this is used to program the on-
chip DC levels. VREF should be held at +1.25V with respect to
GND. There is one VREF pin shared by all channels on the same
chip. This pin is a high impedance CMOS gate input.

RREF

RREF is a 12.4KQ) precision external resistor used to control
various internal bias current.

Power Supply Restrictions

The following guidelines must be met to support proper
operation:

1. VEEO, VEE <= GND

2. VCC <=VHH

3. VCCO <=VCC

4. VDD, VDDA <=VCCO

5. VEE <=VEEO
Schottky diodes are recommended on a once per board basis to
protect against a power supply restriction violation. The diodes
will protect against power supply failure or inadvertent power

supply sequencing. The forward voltage of the external Schottky
diodes should be less than 500mV.

@®
@
@
® ® @
@
@
@

FIGURE 53: SCHOTTKY DIODES
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Power Supply/Analog Voltage Sequence

Ideally, all power supplies would become active simultaneously
while also meeting the power supply restrictions. However, since
it is difficult to guarantee simultaneous levels, the following
sequence is recommended:
1. VEE
VHH
vVCcC
VCCO
VDD/VDDA
VREF
7. VEEO

o0 s N

Use the reverse sequence during power down.

Chip Reset

The RESET pin is an active high input that places all internal
registers to a default state. The default state for each register is
shown in the register map. The internal state of the Mystery
registers is indeterminate following power-up and is not
guaranteed on power-up alone. For this reason, a reset must be
executed after a power-up to make sure all registers are in their
default state. An internal pull-up resistor to VDD holds the pin
high when left floating.

In addition, the SPI port can execute a reset (as a write only
transaction). If the SW_RESET is written to, SW_RESET will fire
off a one-shot pulse that performs the same function as an
external RESET. SW_RESET is accessed in the SPI slave register
using RSRC address = 14. This is shown in the register map
section of the datasheet.

SPI - Host Serial Data Bus

The Mystery IC has a SPI Slave serial interface for host access to
the registers. The full digital block is shown in Figure 54.

The composition of the signals in the SPI Bus are:
o Input serial clock (SPI_CLK)
e Data output port (SPI_SDO)
e Data input port (SPI_SDI)
o Chip select input port (SPI_CS)
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SPI_CLK, SPI_SDO and SPI_SDI can be shared among multiple
Mystery or other SPI Slave devices, with each device having its
own dedicated SPI_CS. SPI_CS is an active low input. This is
shown in Figure 53. The interface is designed to run up to
100MHz in point-to-point configuration with no other devices on
the bus, and when all recommended PCB design guidelines are
adhered to. Serial data is transmitted most significant bit (MSB)
first. The Mystery IC will latch the serial data (commands,
address and write data) on the rising edge of the serial input
clock - the Controller is expected to launch serial data with the
falling edge. The Mystery IC will by default drive read data on the
falling edge of the serial input clock. Read data is by default
launched 3.5 clock cycles after capturing the last address bit. The
SPI Slave design also includes a wide degree of read launch
timing programmability, which is to adapt to a variety of
customer scenarios. The programmability options are located in
the MODE_SEL section of the register map.

The serial clock can be free running or may stop after a bus
transaction. The Mystery IC with all default settings requires a
minimum of 32 clock cycles for an atomic bus operation, which
is when each transaction is encapsulated within an active SPI_CS
pulse.

Read/Write SPI diagrams are provided in Figure 55. Respective
DC and AC parameters are provided in the specification section
of the datasheet.

Mystery(0)

SPI_CLK
SPI_SDI

SPI_SDO
SPI_CS

Mystery(1)

SPI_CLK
SPI_SDI

SPI_SDO
SPI_CS

Mystery(n)

SPI_CLK
SPI_SDI

SPI_SDO
SPI_CS

SPI_CLK
SPI_SDI
SPI_SDO
SPI_CS(0)
SPI_CS(1)
SPI_CS(n)

Yy

FIGURE 54: SPI INTERFACE CONNECT WITH MULTIPLE DEVICES
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MYSTERY

Central Digital Block

SPI_SDO
SPI_SDI

SPICLK Device
SPI CS q to analog to analog to analog

— } } }

8 bit address

> SPI Slave Remote Register Blocks (all identical)

Host Device

Remote 16bitdata | L~ ]

Register 8 bit channel enable CHo CH1  |.........] CH7
Management Strobe

DAC Calibration DAC DAC DAC
Registers Thermometer Thermometer Thermometer
Decode Decode Decode

Global
— Registers to analog

oTP
—| State OTP Memory IP
Machine

OTP Control
Registers

f

Digital Clock

FIGURE 55: DIGITAL CONTROL BLOCK DIAGRAM

SPI WRITE

spLcs  \ 1 6 14 30 32 /_
SPI_CLK

SPI_SDI J Rw=w\ RSRC[3:0] X Addr{7:0] X Data[15:0] X | ummy X—
SP|_SD| | 1 | R3 | R2 | R1| RO| A7| A6|A5|A4 | A3| A2| A1| AO|D15|D14|D13|D12|011|D10| D9| D8 | D7| D6|D5 | D4|D3| D2| D1| D0| X | X | X |
R RSRC MsB - ADDRESS MSB R DATA MsB
SPI READ

SPI_CS \ 1 6 14 16 31 /_
SPI_CLK

SPI_SDI _\RW=R/ RSRC[3:0] X Addr[7:0] X
SPLSDo:X Y Dummy X Data[150] X:)F

SPI SDI |0|R3|R2|Rl‘R0|A7|A6|A5|A4|A3|AZ|A1|A0|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|

K RSRC MSBK ADDRESS MSB

SPI_SDO z| xlx | X | X | xlx | xlxlxlxlxlxlxl xlxlx |DlS|D14|D13|DlZlDlllDlOlD9|D8|D7|D6|D5|D4|D3|D2|D1|D0|X |

OUTPUT DATA MSB

FIGURE 56: SPI INTERFACE
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SPI port. These bits should be disabled when driving multiple
Mystery devices with the same SPI bus.

TABLE 104: CLKTERM_ENA

CLKTERM_ENA SPI_CLK/SPI_CS - 502 TERMINATION to

VDD/2
0 Disabled
1 Enabled

TABLE 105: DATTERM_ENA

DATTERM_ENA SPI_SDI - 50Q TERMINATION to VDD/2
0 Disabled
1 Enabled
Host Interface Protocol

The serial host protocol starts with a 1-bit read/write
command, followed by a 4-bit resource selection field
(RSRC), followed by an 8-bit address field on SPI_SDI. For
write commands, the address is immediately followed by a
16-bit data field and then 3 dummy bits. The clock cycles of
the dummy bits are used to push the data into the
appropriate register. During read commands immediately
following the address field on the SPI_SDI, there are 3
dummy bits after which a 16-bit data field is transmitted on
the SPI_SDO port. Note that the Mystery IC will drive out of
SPI_SDO on the falling edge of the serial input clock with
the expectation that the host will latch each bit on the rising
edge of the clock.

The resource field (RSRC) is 4-bits that selects the type of
register, channel, and number of registers which will be
written or read. Selecting more than one resource for reads
is not valid as only one channel can be read back at once.
The 4-bit resource field is decoded as shown in Table 104.

To write or read any single channel register, the resource
field is programmed to the desired channel number (O
through 7).

RSRC#14 configures specific behavior of the SPI Registers
of the SPI port. These are referred to as the SPI Slave
Registers. Please contact Elevate Semiconductor for
additional detail.

RSRC#15 is dedicated to Write-Multicast. This is writing the
same value to an arbitrary combination of channels as
programmed into RSRC_REG. RSRC_REG default is set to
work as Write-Broadcast to all 8 channels which means that
a write to RSRC#15 will reach all 8 channels. Should
another replication pattern be desired (with different
channels specified), the RSRC_REG should first be
programmed with the channels desired, then issue a write
to RSRC#15. That pattern will then stay in effect until
reprogrammed, or device reset. The lower 8 bits of this
RSRC_REG register are used to define multi-channel writes
of any combination of channels. Bit 7 corresponds to
channel 7 down to bit O for channel 0. Set the bit associated
with the desired channels to "1" and the others to "0". For
example, to multicast to all even channels you would write
"01010101" (55 Hex) into the RSRC_REG register. See the
register description section for additional detail.

TABLE 106: RESOURCE SELECTION
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RSRC [3:0] Fleld Descrlption Address Location
Value (decimal) Range
0-7 Remote 0x00 to Remote
Channel Ox3F Register
Registers Block
0-7 Central 0x90 to Central
Channel OTP Ox9F Digital Block
13 Central Global 0x80 to Central
Registers Ox8F Digital Block
14 SPI Slave 0x80 to Central
Registers Ox8F Digital Block
15 Write-Multicast 0x00 to Central
OxFF Digital Block

Mystery Digital Architecture

The digital architecture of Mystery is comprised of a central
control block plus 8 channel register blocks which are connected
to the central block via a parallel bus.

Central Registers

The central block contains the SPI serial port interface, channel
register control and management, global registers and fuse
memory control. The channel register control and management
block in the main digital block is the interface between the SPI
serial port and the channel registers in the channel register
blocks. It also has global registers that control global chip
functionality.

As mentioned above, the Mystery IC has fuse memory onboard to
hold specific calibration data. These fuses are OTP (One Time
Programmable) memory; meaning non-volatile and can be
written only once. This memory is written during ATE test and
holds various register values used to achieve optimal
performance in the device. The data that is stored in OTP is
explained in this datasheet and can be programmed to be used
or bypassed.

Register Bit Mapping

Many registers have multiple smaller bit fields that can be
written independently without affecting the other bit fields in that
register. For these registers each independent bit field has a WE
(write enable) bit defined that must be set to "1" for those bits to
be affected by a write. Any bit fields whose WE bit is set to "0"
during a write to that register will not be changed. Not all
registers have WE bits.

Channel Register Blocks

The central block is connected to the eight remote blocks via a
parallel bus interface. All the channel register blocks contain the
same set of registers for each channel. They are differentiated in
addressing only by the RSRC field of SPI frame, or the RSRC_REG
when Write-Multicast is used. Write-Broadcast can be used to
speed up configuration, which is by concurrently setting up all
channels.
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Fuse Memory

As mentioned above in the Central Registers section, Mystery
contains onboard fuse memory that is one-time programmable
and contains many of the calibration values needed for the
device to meet specified limits. The calibration values in Fuse
Memory are calculated and burned at ATE test and can be used
or bypassed depending on the user. The user may opt to calibrate
the device registers themselves.

The Fuse Memory data is located at address 0x98 to Ox9F.

The calibration values held in fuse memory are implemented in 3
ways and shown below. The 3 types are:

1. Calibration values stored in fuse memory are automatically
used unless specifically bypassed by the user.

— Example: RO_SINK_HV_FUSE [3:0]

2. Calibration values stored in fuse memory must be manually
copied from Fuse Memory to its appropriate Calibration
Register.

— Example: OS_DVL_HS_FUSE [3:0]

3. Calibration values burned into fuse memory can be
constructed into a linear calibration equation. These types
of calibration values are signified with the suffixes: “Top”
and “Bot”. Using the calibration values in Fuse Memory, one
can construct a calibration transfer function using the linear
equation:

y=(m=xx)+b:
where: m = slope,
b = y — intercept,
x = independent variable,
y = dependent variable

As shown below, the independent variable (x) is stored in Fuse
Memory and the dependent variable (y) is in the description
column in Table 105.

An example of this type of calibration is shown in the register:
ICH_IR50m [7:0] - This register sets current clamps for the
50maA current range. This register has a range for from 2mA up
to 70mA.
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Two calibration values are burned into fuse memory for the
50mA point and the 20mA point:

ICH_IR50m_FUSE_TOP [7:0] = Calibration register value to set
50mA Current Clamp High ICH_IR50m_FUSE_BOT [5:0] =
Calibration register value to set 10mA Current Clamp Low

From these 2 values, the user can construct a transfer function
using the equation above. The ‘x’ values will be the values stored
in fuse memory, and the ‘y’ values will be 50mA and 10mA.

Example: Set Current Clamp High = 35mA. Assume for this
example the following values are written to Current Clamp High
fuse memory.

ICH_IR50m_FUSE_TOP [7:0] = 180
ICH_IR50m_FUSE_BOT [5:0] = 30
1) x1 = ICH_IR50m_FUSE_TOP [7:0]:

x1 =180
2) x2=ICH_IR50m_FUSE_BOT [5:0]
x2 =30

3) Calculate the slope from the above values: m = (y2
-yl)/ (x2 - x1)

m = (50 - 10) / (180 - 30)
m = 0.2667
4) Calculate the y-intercept:
b=yl -(m *x1)
b =50 - (0.2667 * 180)
b=2
5) Find X value corresponding to 35mA.

X =(Y - by/m:
X =(35 - b)/m

X = (35-2)/0.2667
X=124

6) Write the X-value into the current clamp high
register: ICH_IR50m [7:0] = 124

If the user just wants a current clamp of 50mA, the contents of
the ICH_IR50m_FUSE_TOP [7:0] register can be copied to the
ICH_IR50m [7:0] register.
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TABLE 107: FUSE MEMORY

USE MEMORY REGISTER

DESCRIPTION

NOTE

DSKW_TEMPCO_FUSE[4:0]

Temperature Compensation Value for deskews.

The DSKW_TEMPCO_FUSE_OVERD bit selects whether
to use the calibrated value stored in fuse memory or
override with the values in the DSKW_TEMPCO[4:0]
register. Default ‘O’ value selects fuse data and ‘1’
selects register data.

The FUSE value for DSKW_TEMPCO_FUSE[4:0] cannot be read
from memory. No action needs to be taken by the user unless
they want to override the fused calibration value.

RO_SINK_HV_FUSE[3:0]
RO_SRC_HV_FUSE[3:0]
RO_SINK_HS_FUSE[3:0]
RO_SRC_HS_FUSE[3:0]

Output Resistance sourcing and sinking adjustment bits
for the HV and HS Drivers.

The RO_SRC_SNK_FUSE_OVRD bit selects whether to
use the calibrated value stored in fuse memory or
override with the values in the RO_SINK_HV[3:0],
RO_SINK_HS[3:0], RO_SRC_HV3:0], and
RO_SRC_HS3:0] registers. Default ‘O’ value selects fuse
data and ‘1’ selects register data.

The FUSE memory values for output resistance can be read for
reference. No action needs to be taken by the user unless they
want to override the fused calibration value. Note 2.

ICH_IR50m_FUSE_TOP[7:0]

Calibrated register setting for Current Clamp
High = 50mA

Can be used to calculate Current Clamp High transfer function.
The ICH_IR50m[7:0] clamp can be used to set a clamp level
from 2mA to 70mA. Note 5.

0S_DVL_HS_FUSE[3:0]

Calibrated DAC analog offset setting for DVL_DAC used
in HS Mode.

Must be manually copied from Fuse Memory to
0OS_DVL_HS|[3:0] register. Note 1.

0S_DVH_HV_FUSE[3:0]

Calibrated DAC analog offset control for DVH_DAC used
in HV Mode.

Must be manually copied from Fuse Memory to
0S_DVH_HV[3:0] register. Note 1.

OS_DVH_HS_FUSE[3:0]

Calibrated DAC analog offset control for DVH_DAC used
in HS Mode.

Must be manually copied from Fuse Memory to
0S_DVH_HS[3:0] register. Note 1.

CLL_FUSE_BOT[3:0]

Calibrated register setting for Voltage Clamp Low = -2V

Can be used to calculate Voltage Clamp Low transfer function.
The CLL[7:0] clamp can be used to set a clamp level from -2.2V
to 4V. Note 3.

OS_VTT_ILOAD_FUSE[3:0]

Calibrated DAC analog offset control for
VTT_ILOAD_DAC.

Must be manually copied from Fuse Memory to
OS_VTT_ILOAD[3:0] register. Note 1.

OS_VTT_HV_FUSE[3:0]

Calibrated DAC analog offset setting for VIT_DAC used
in HV Mode.

Must be manually copied from Fuse Memory to OS_VTT_HV[3:0]
register. Note 1.

OS_VTT_HS_FUSE[3:0]

Calibrated DAC analog offset setting for VIT_DAC used
in HS Mode.

Must be manually copied from Fuse Memory to OS_VTT_HS[3:0]
register. Note 1.

0S_DVL_HV_FUSE[3:0]

Calibrated DAC analog offset setting for DVL_DAC used
in HV Mode.

Must be manually copied from Fuse Memory to
0S_DVL_HV[3:0] register. Note 1.

0S_CVB_DIFF_FUSE[3:0]

Calibrated DAC analog offset setting for CVB_DAC used
in DIFF Mode.

Must be manually copied from Fuse Memory to
0S_CVB_DIFF[3:0] register. Note 1.

0S_CVA_DIFF_FUSE[3:0]

Calibrated DAC analog offset setting for CVA_DAC used
in DIFF Mode.

Must be manually copied from Fuse Memory to OS_CVA[3:0]
register. Note 1.

0S_CVB_FUSE[3:0]

Calibrated DAC analog offset setting for CVB_DAC

Must be manually copied from Fuse Memory to 0S_CVB[3:0]
register. Note 1.

0S_CVA_FUSE[3:0]

Calibrated DAC analog offset setting for CVA_DAC

Must be manually copied from Fuse Memory to OS_CVA[3:0]
register. Note 1.

ICL_IR50m_FUSE_TOPJ[7:0]

Calibrated register setting for Current Clamp
Low =-50mA

Can be used to calculate Current Clamp Low transfer function.
The ICL_IR50m[7:0] clamp can be used to set a clamp level
from -2mA to -70mA. Note 6.

0S_FV_FUSE[3:0]

Calibrated DAC analog offset setting for FV_DAC

Must be manually copied from Fuse Memory to OS_FV[3:0]
register. Note 1.

CLH_FUSE_BOT[3:0]

Calibrated register setting for Voltage Clamp
High = 0.5V

Can be used to calculate Voltage Clamp High transfer function.
The CLH[7:0] clamp can be used to set a clamp level from OV to
6.2V. Note 4.

ICL_IR2m_FUSE[2:0]

Calibrated register setting for Current Clamp
Low =-3mA

Must be manually copied from Fuse Memory to
ICL_IR2m[2:0]register. Note 8.

ICH_IR2m_FUSE[2:0]

Calibrated register setting for Current Clamp
High = 3mA

Must be manually copied from Fuse Memory to ICH_IR2m[2:0]
register. Note 7.

CLH_FUSE_TOP[4:0]

Calibrated register setting for Voltage Clamp
High = 6.0V

Can be used to calculate Voltage Clamp High transfer function.
The CLH[7:0] clamp can be used to set a clamp level from OV to
6.2V. Note 4.

CLL_FUSE_TOP[4:0]

Calibrated register setting for Voltage Clamp
Low =2V

Can be used to calculate Voltage Clamp Low transfer function.
The CLL[7:0] clamp can be used to set a clamp level from -2.2V
to 4V. Note 3.
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USE MEMORY REGISTER DESCRIPTION NOTE

Can be used to calculate Current Clamp High transfer function.
The ICH_IR50m[7:0] clamp can be used to set a clamp level
from 2mA to 70mA. Note 5.

Can be used to calculate Current Clamp Low transfer function.
The ICL_IR50m[7:0] clamp can be used to set a clamp level
from -2mA to -70mA. Note 6.

Calibrated register setting for Current Clamp

ICH_IR50m_FUSE_BOT[5:0] High = 10mA

Calibrated register setting for Current Clamp

ICL_IR50m_FUSE_BOT[5:0] Low =-10mA

Notes:

1. Offset DAC calibration: Each Level DAC (DVH_DAC, DVL_DAC, FV_DAC, etc) has an associated 4-bit Offset DAC which is used to optimally center the
voltage range of the level DAC to 2V. The Offset DAC calibration code stored in fuse memory is the value, when written, sets the Level DAC mid-
code (0x8000) voltage to within guaranteed specification limits (1 code of ideal) of 2V. The value stored in fuse memory should just be copied from
fuse memory to the associate offset DAC location. In most instances the calibrated offset DAC value is 0xO0.

2. ROUT calibration: The output impedance of the HS and HV drivers have independent calibration values for both sourcing and sinking current. Each
of these 4 ROUT values (HS source, HS sink, HV source, HV sink) are calibrated using a 4-bit register. The calibration values are calculated using a
two 2-point (code 0 and 15) linear regression algorithm and stored in fuse memory. Impedance values to within 50Q + 4Q may be achieved using
the values stored and are automatically used unless bypassed. If more accurate ROUT calibration values are needed, the fuse memory values may
be bypassed, and a user implemented calibration method used.

3. Voltage Clamp Low: The low voltage clamps are calibrated using the CLL[7:0] register. Using the output measured clamp voltages at codes 32 and
64, a linear transfer function is calculated. The values stored in fuse memory are the values from this linear transfer function which give output
voltages closest to -2V and +2V. The user can then use the values stored in fuse memory to calculate a CLL[7:0] register setting for the clamp
voltage needed. The Voltage Clamp Low is linear between -2V and 6V, with the guaranteed clamp range given in the specification section of the
datasheet.

4. Voltage Clamp High: The high voltage clamps are calibrated using the CLH[7:0] register. Using the output measured clamp voltages at codes 16
and 64, a linear transfer function is calculated. The values stored in fuse memory are the values from this linear transfer function which give output
voltages closest to +6.0V and +0.5V. The user can then use the values stored in fuse memory to calculate a CLH[7:0] register setting for the clamp
voltage needed. The Voltage Clamp High is linear between OV and 6V, with the guaranteed clamp range given in the specification section of the
datasheet.

5.  50mA Current Clamp High: The 50mA High Current clamp is calibrated using the ICH_IR50m[7:0]. Using the values stored in the Current Clamp
High Fuse memory to form a linear transfer function will result in an accuracy of less than 5mA between the clamp values of 10mA and 50mA.
Outside of the 10mA and 50mA clamp values, the clamp becomes non-linear.

6. 50mA Current Clamp Low: The 50mA Low Current clamp is calibrated using the ICL_IR50m[7:0]. Using the values stored in the Current Clamp High
Fuse memory to form a linear transfer function will result in an accuracy of less than 5mA between the clamp values of -10mA and -50mA. Outside
of the -10mA and -50mA clamp values, the clamp becomes non-linear.

7. 2mA Current Clamp High: The calibration code stored in fuse memory is the code which sets the 2mA Current clamp high to within 1 code of the
ideal 3mA value. The value stored in fuse memory should be copied directly into the 2mA current clamp high 3-bit register ICH_IR2m[2:0].

8. 2mA Current Clamp Low: The calibration code stored in fuse memory is the code which sets the 2mA Current clamp low to within 1 code of the
ideal -3mA value. The value stored in fuse memory should be copied directly into the 2mA Current Clamp Low 3-bit register ICL_IR2m[2:0].

July 24, 2023 70 www.elevatesemi.com


http://www.elevatesemi.com/

Mystery Datasheet

Level DAC Implementation

Each channel has 17, 16-bit integrated DAC Level registers.
These 17 registers drive 9 actual DACs. Some of the DAC level
registers are shared between the 9 actual DACs, with the shared
implementation of this shown in Table 106. Not all the DACs are
shared.

Before using the DAC levels, each of the DACs need to be
enabled independently of each other.

The Voltage Clamps and Current Clamps do not use a 16-bit DAC
to set the clamp levels. The clamps are set in the channel
registers using an 8-bit DAC. These DACs do not need to be
enabled before use.

The DACs are shown below:

TABLE 108: DAC LEVEL IMPLEMENTATION

DAC ENABLE BIT SHARED LEVELS
DVH_DAC DVH_DACENA N/A
DVL_DAC DVL_DACENA N/A
FI_DAC FI_DACENA N/A
ILSRC_DAC ILOAD_DACENA N/A
ILSNK_DAC ILOAD_DACENA N/A
CVA_DAC, CVA_DIFF_DAC,
CVA_DAC COMP_DACENA CVA_PMU_MV_DAC,

CVA_PMU_MI_DAC

CVB_DAC, CVB_DIFF_DAC,

CVB_DAC COMP_DACENA CVB_PMU_MV_DAC,
CVB_PMU_MI_DAC
VTT_DAC VTT_DACENA VTT_DAC, VTIT_ILOAD_DAC
FV_DAC FV_DACENA FV_DAC, FV_B_DAC
DAC Thermometer Mode

Each channel’s remote register block interfaces with the
individual DAC. Each DAC is implemented as 10-bit binary LSB
DAC plus a 63-segment thermometer coded MSB DAC. The 10
LSB bits are passed through directly, but the 6 MSB's must be
decoded to a 63-bit thermometer code value.

In this mode the 10-bit binary DAC overlaps each thermometer
segment, and each segment will have to be calibrated
individually. Each of the 63 segments will have to be calibrated
individually and a calibrated value must be written to the DAC
register for the best results.

The Diagram below shows the Thermometer decode
implementation.

Document Number:
15-50280-10

ELE\ SEMICONDUCTOR

UNSHARED DAC LEVELS
XXX = DVH, DVL, FI, ILSRC, ILSNK

[15:10]| Thermometer {J XXX_THERM(63:0]
XXX[15:0] [} e
9:0]
9 {7 XXX_BIN[9:0]

CVA®)

[15:10]
CVA(B)_DIFF TheDnencn;r::\er

CVA(B)_PMU_MV
CVA(B)_PMU_MI
PMU_CMP_MODE COMP_ENA[1:0]
Vit 3 Thermometer
VTT_ILOAD [} Decode

Thermometer
Decode

CVA(B)_THERM[63:0]

CVA(B)_BIN[9:0]

{VTT_THERM[63:0]

OVTT_BIN9:0]

{JFV_THERM[63:0]
O Fv_BIN[9:0]

FV_RTC_EN [}

FIGURE 57: THERMOMETER DECODE BLOCK DIAGRAM

16-Bit DAC Implementation

ot

Thermometer
coded MSB
with 64 equal
seqments

10-Bit Binary

coded LSB D

FIGURE 58: DAC ARCHITECTURE

DAC Offset Correction

There are 13 4-bit DAC offset level correction registers that can
be used to optimally center the voltage range of each DAC by
shifting the range up and down.

The offset correction registers are calibrated at ATE test and the
values are burned into internal Fuse Memory. The user should
copy these offset correction values from fuse memory to register
memory which will implement the offset correction. In almost all
cases, this value is written to 0x0.

Since this is calibrated at ATE, the user should not need to
calibrate the DAC offset.
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reason, there are more offset registers than there are DACs. The
offset register used for each DAC is based on the mode selected
during usage. The shared offset registers are shown below along
with the modes used for each. There is no offset associated with
the active loads.

DAC Offset Implementation

As seen above, many of the DACs are used for more than one
mode. For example, the CVA DAC is used for single ended
compare, differential compare, and PMU compare. For this

TABLE 109: DAC OFFSET REGISTERS

DAC OFFSET REGISTER WHEN OFFSET REGISTER IS USED MODES DAC
Driver HS Mod
0S_DVH_HS[3:0] DRV_ENA[1:0] = 0, 1, or 3 Drivers Vode DVH_DAC
Driver Standby Mode
0S_DVH_HV[3:0] DRV_ENA[1:0] = 2 Drive HV Mode DVH_DAC
Driver HS Mode
0S_DVL_HS[3:0 DRV_ENA[1:0]=0,1,0r 3 . DVL_DAC
-DVL_HS[3:0] - [1:0] or Driver Standby Mode -
0S_DVL_HV[3:0] DRV_ENA[1:0] = 2 Drive HV Mode DVL_DAC
DRV_ENA[1:0]=0,1,0r 3 Driver HS Mod
0S_VTT_HS[3:0] (DRV_ENA[1:0] = 0,1, or 3) Drivers Vode VIT_DAC
And (ILOAD_EN = 0) Driver Standby Mode
0S_VTT_HV[3:0] (DRV_ENA[1:0] = 2) Driver HV Mode VIT_DAC
- ) And (ILOAD_EN = 0) -
OS_VTT_ILOAD[3:0] ILOAD_EN =1 Active Load Enabled VTT_DAC
Comparators Disabled
0S_CVA[3:0] COMP_ENA=0,1,0r2 Single Ended Compare Mode CVA_DAC
PPMU Compare Mode
Comparators Disabled
0S_CVB[3:0] COMP_ENA=0,1, 0r2 Single Ended Compare Mode CVA_DAC
PPMU Compare Mode
OS_CVA_DIFF[3:0] COMP_ENA =3 Differential Compare Mode CVA_DIFF_DAC
0S_CVB_DIFF[3:0] COMP_ENA =3 Differential Compare Mode CVB_DIFF_DAC
0S_FV[3:0] FVorFV_B Force Voltage Mode FV_DAC
0S_ILSRC[3:0] N/A Not Implemented N/A
0S_ILSRC[3:0] N/A Not Implemented N/A

Dovloo ID and DOV'GO ROV TABLE 110: DEVICE ID AND REV

The Device ID and the Device Rev information is stored on-chip REGISTER DESCRIPTION
and can be read back using the SPI port. This information is ] .
stored in read only registers that identify the product DEV_ID Device ldentification
identification and device revision. DEV_REV Device Revision

The details of these 2 registers can be viewed in the Global
Registers Table using the DEV_ID and the DEV_REV registers.

Note: DEV_ID = 0x4DO0 Hex = 1232 Decimal.

Register Types
TABLE 111: REGISTER TYPES

REGISTER DESCRIPTION

WO_PULSE Write Only, one shot pulse (no storage). A write to this register will trigger an internal pulse.
WE Write Enable (no storage)
RW Read/Write (storage for write)
RO Read Only (no storage, live)
ROL Read only Latched (storage for external signal)

ROL_CLR Read only Latched, Clear on Read (storage for external signal is reset by reading register)
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Register Maps

SPI Slave Registers

ELE\ SEMICONDUCTOR

Located in central digital block. Only one copy of each of these registers is in the chip. Resource field (RSRC) = 14.

TABLE 112: SPI SLAVE REGISTERS

Document Number:
15-50280-10

REG_NAME

REG ADR

R/W

RESET
VALUE

DESCRIPTION

FIELD NAME

SW_RESET

0x80

[15:1]

Reserved (unused)

[0]

WO_PULSE

Write '1' to reset all digital logic outside of this SPle-
Slave

SW_RESET

RSRC_REG

0x81

[15:8]

Reserved (unused):

[7

RW

(6]

RW

[5]

RW

[4]

RW

(31

RW

[2]

RW

[1]

RW

RiR|RRRRR

[0]

RW

When SPI_RSRC=15 and corresponding bit of
RSRC_REG is set to 1, the so-designated external
resource is selected for access. That effectively
constitutes Write-Multicast feature. "Resource O to 7 is
typically an independent Channel, replicated up to 8
times, each replica with same address layout. Write-
Multicast default (OXOOFF) is therefore acting as Write-
Broadcast for the Channels.

To WRITE the same value into an arbitrary combination
of these 14 resources, this RSRC_REG must first be
initialized with desired pattern, to only then generate
SPI_RSRC=15 transaction. E.g., for the Write-Multicast
to all even channels, set this RSRC_REG=0x55, then
generate SPI_WRITE access with SPI_RSRC=15

There is no Multicast for READ. It's an invalid operation.
Should the SW still issue Read-Multicast, the data
returned would be a combination of all addressed
resources, thus of no practical value.

CHANNEL_7

CHANNEL_6

CHANNEL_5

CHANNEL_4

CHANNEL_3

CHANNEL_2

CHANNEL_1

CHANNEL_O

MODE_SEL

0x82

[15:8]

Reserved (unused):

[71

Applies only to Legacy mode of SPle-Slave (when
MODE_IS_ELEV=0). It then controls whether auto-
increment is enabled or disabled. Compared to
Elevated mode, where the equivalent bit comes with
SPIE frame, this control is in Legacy mode static. That
makes it a bit more involved to change the setting from
frame to frame. By default, auto-increment is disabled,
such as when interacting with FIFOs, so that multiple
data words can be written into same address and same
resource. It's only when auto-incr is enabled that the
RDINC_IS_RSRC or WRINC_IS_ADDR come into play.

- 0: Auto-Incr is disabled for Legacy Mode (Default)

- 1: Auto-Incr is enabled for Legacy mode

ENINC4ALEGAC
Y

(6]

RW

Selects the target of auto-increment for Read Burst.
Comes into play only when auto-increment is enabled,
be it through static ENINC4LEGACY CSR in Legacy
mode, or frame-to-frame dynamic control for Elevated
mode:

- 0: Auto-Incr Read Address (Default)

- 1: Auto-Incr Read Resource

RDINC_IS_RSR
C

[5]

RW

Selects the target of auto-increment for Write Burst.
Comes into play only when auto-increment is enabled,
be it through static ENINC4LEGACY CSR in Legacy
mode, or frame-to-frame dynamic control for Elevated
mode:

- 0: Auto-Incr Write Resource (Default)

- 1: Auto-Incr Write Address

WRINC_IS_AD
DR

[4:3]

RW

Selects the launch edge of SPI-Slave Read Data
towards Controller:

- x1: posedgeO (0.5 cycle earlier)

- 00: negedgeO (Default, Legacy, Nominal)

-10: posedgel (0.5 cycle later)

READ_PHASE
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REG_NAME REG ADR BIT

RESET
VALUE

DESCRIPTION

FIELD NAME

[2:1]

RW

Selects the number of wait states between SPI Address
and first Read Data beat presented to Controller:

-00: 3 dummies

- 01: 1 dummy - The most aggressive setting. Check
chip datasheet for the max clock frequency that the
timing is closed for with this setting

- 10: 2 dummies (Default)

-11: 4 dummies

READ_DUMMY
_CYCLE

MODE_SEL 0x82

[0]

RW

Selects SPI-Slave Mode of operation:

0: Legacy mode (Default). SPle operates as plain-old
SPI:

- no Double-Pumping

- new, burst transactions still apply, except that they
cannot be dynamically commanded

from within SPI frame. They are instead controlled from
the static ENINC4LEGACY field

- new, expanded Resource Mapping still applies

- new READ_PHASE[1.:0] setting still applies

- new READ_DUMMY_CYCLE[1:0] setting still applies
1: Elevated mode - all the enhancements including
Double-Pumping and dynamically controlled Bursting

MODE_IS_ELEV

[15:0]

Reserved for future expansion, such as to support
tunable Delay Line on SPI clock and Read Training

FUTURE 0x83 [15:0]

RW

Uncommitted register for quick validation of end-to-end
integrity of SPI access

SCRATCHPAD

SCRATCHPAD 0x84 [15:0]

RO

Read Data returned by SPI-Slave in the most recent
prior read cycle, regardless of SPI_ADDR. Used for
debug. Subsequent reads of this address should return
same value

LAST_RDAT

LAST_RDAT 0x85 [15:0]

RO

Write Data presented to SPI-Slave in the most recent
prior write cycle, regardless of SPI_ADDR. Used for
debug. Can emulate address-ignorant Scratchpad

LAST_WDAT

LAST_WDAT 0x86 [15:14]

Reserved (unused)

LAST_MISC 0x87 [13:12]

RO

Command presented to SPI-Slave in the most recent
prior cycle. Used for debug - bit{13]=1 when any of the
autoincrementing is enabled. That's in Legacy mode
(when MODE_IS_ELEV=0) the function of
ENINC4LEGACY

LAST_CMD

[11:8]

RO

Resource presented to SPI-Slave in the most recent
prior cycle. Used for debug

LAST_RSRC

[7:0]

RO

Address presented to SPI-Slave in the most recent prior
cycle. Used for debug. Second read of this register will
return its own address (=0x87)

LAST_ADDR

July 24, 2023

74

www.elevatesemi.com



http://www.elevatesemi.com/

Mystery Datasheet

SPI Global Registers

Located in central digital block. Only one copy of each of these registers is in the chip. Resource field (RSRC) = 13.
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TABLE 113: SPI GLOBAL REGISTERS

Document Number:
15-50280-10

REG_NAME REG ADR BIT R/W 35; DESCRIPTION FIELD NAME
[15:12] — — Reserved (unused):
DEV_ID 0x80
[11:0] RO — CHIP_ID: Chip identification. Elevate chip ID is ‘4DOh’ DEV_ID [11:0]
[15:12] — — Reserved (unused)
DEV_REV 0x81 (3:0] RO __ | MAJOR_REV: This bit field is incremented to indicate a significant change that | pe ey a0
i requires modification of the software. First silicon starts at revision 0001. - )
[15:11] — — Reserved (unused)
[10] WE — FORCE_ENA_WE:
9] RW 0 E(i)ZRCE_ENA: Connects FORCE bus to the output pad. “0” sets output pin to FORCE_ENA
FORCE 0x82
[8] WE — FORCE_WE:
FORCE:
[7:0] RW 0 Bit 7 Connects Channel 7 to FORCE bus. FORCE [7:0]
Bit 6 Connects Channel 6 to FORCE bus.
Bit O Connects Channel O to FORCE bus.
MON_ML_O: Connects selected channel ML bus to the MON_ML_O bus.
[15:8] RW 0 Bit [7] - connect channel 7 MON_ML_0[7:0]
Bit [6] - connect channel 6 T =
Bit [0] - connect channel O
MON_SEL_O 0x83
MON_MH_O: Connects selected channel MH bus to the MON_MH_O bus.
[7:0] RW 0 Bit [7] - connect channel 7 MON_MH_0[7:0]
Bit [6] - connect channel 6 T B
Bit [0] - connect channel O
[15:10] — — Reserved (unused):
[9] WE CALML_ENA_WE:
[8] RW 0 CALML_ENA: Connects CAL_ML bus to output pad. “0” sets output pad to HiZ. CALML_ENA
[71 WE — CALMH_ENA_WE:
[6] RW 0 CALMH_ENA: Connects CAL_MH bus to output pad. “0” sets output pad to HiZ. CALMH_ENA
MON_XCTRL |  0x84 [5] WE — | MXH_ENAWE:
MXH_ENA:
[4:3] RW 0 Bit 1 - Enables connection of CAL_MH bus to MON_MH[1] bus. MXH_ENA [1:0]
Bit O - Enables connection of CAL_MH bus to MON_MHI[O] bus.
[2] WE — MXL_ENA_WE:
MXL_ENA:
[1:0] RW 0 Bit 1 - Enables connection of CAL_ML bus to MON_ML_1 bus. MXL_ENA [1:0]
Bit O - Enables connection of CAL_ML bus to MON_ML_O bus.
[15:3] — — Reserved (unused):
[2] WE SPI_TERM_ENA_WE
SPI_TERM 0x85
[1] RW (0] DATTERM_ENA: Set to “1” to enable termination in SPI_SDI input. DATTERM_ENA
[0] RW 0 CLKTERM_ENA: Set to “1” to enable termination in SPI_CLK input. CLKTERM_ENA
MON_ML_1: Connects selected channel ML bus to the MON_ML_1 bus.
[15:8] RW 0 Bit [7] - connect channel 7 MON_ML_1[7:0]
Bit [6] - connect channel 6
Bit [0] - connect channel O
MON_SEL_1 0x86
MON_MH_1: Connects selected channel MH bus to the MON_MH_1 bus.
[7:0] RW 0 Bit [7] - connect channel 7 MON_MH_1[7:0]
Bit [6] - connect channel 6 - T
Bit [0] - connect channel 0
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Per Channel Configuration and Miscellaneous Control. There will be 8 copies of the remote registers connected to the central digital block via a
parallel bus interface.

TABLE 114: SPI REMOTE REGISTER BLOCK ADDRESSES

REG RESET
REG_NAME ADR BIT R/W VALUE DESCRIPTION FIELD NAME
[15:14] — Reserved (unused):
[13] WE DRV_ENA_WE:
DRV_ENA[1:0]: Power up enable for driver.
0 = Reduced power standby state (both driver modes)
[12:11] RW 0 1 = HS Driver mode enabled DRV_ENA[1:0]
2 = HV Driver mode enabled
3 = Reduced power standby state (both driver modes)
[10] WE PMU_ENA_WE:
PMU_ENA: Power up enable for PMU.
[9] RW 0 0 = Low power standby state PMU_ENA
1 = Enabled
[8] WE COMP_ENA_WE:
COMP_ENA:
0 = All Comparators disabled
PWR_CTRL 0x00 [7:6] RW 0 1 = Single ended comparators enabled COMP_ENA[1:0]
2 = PMU comparators enabled -
3 = Differential mode comparators enabled
Comparators are non-functional in Standby mode.
[5] WE DESKEW_ENA_WE:
DESKEW_EN_ENA: Power up enable for enable path de-skew. A logic 1 DESKEW. EN
[4] RW 0 powers on enable path de-skew and a logic O bypasses and puts de-skew in a ENA_
low power standby mode. -
DESKEW_DRV_ENA: Power up enable for drive path de-skew. A logic 1 DESKEW DRV
[3] RW 0 powers on drive path de-skew and a logic O bypasses and puts de-skew in a EN ;
low power standby mode. -~
DESKEW_CMP_ENA: Power up enable for compare path de-skews. A logic 1 DESKEW CMP
[2] RW 0 powers on compare path de-skew and a logic O bypasses and puts de-skew EN;
in a low power standby mode. -
[1] WE ILOAD_ENA_WE:
[0] RW 0 ILOAD_ENA: Power up enable for Active loads. ILOAD_ENA
[15:14] — Reserved (unused):
[13] WE FI_DACENA_WE:
[12] RW 0 FI_DACENA: Power up enable for Fl level DAC. Controls “Enable DAC” pin on FI_DACENA
the FI DAC core.
[11] WE FV_DACENA_WE:
[10] RW 0 FV_DACENA: Power up enable for FV level DAC. Controls “Enable DAC” pin on FV_DACENA
the FV DAC core.
[9] WE COMP_DACENA_WE:
COMP_DACENA: Power up enable for all compare level DAC’s. Controls
(8] RW 0 “Enable DAC” pin on the compare DAC cores. CMP_DACENA
DAC_ [7] WE ILOAD_DACENA_WE:
PWRCTL 0x01
6] RW 0 ILOAD_DACENA: Power up enable for both lload level DAC’s. Controls “Enable ILOAD DACENA
DAC” pin on the lload DAC cores. -
[5] WE DVH_DACENA_WE:
DVH_DACENA: Power up enable for the DVH level DAC. Controls “Enable
(4 RW 0 DAC” pin on the DVH DAC core. DVH_DACENA
[3] WE DVL_DACENA_WE:
2] RW 0 D.VL_DACENA: Power up enable for the DVL level DAC. Controls “Enable DAC” DVL_DACENA
pin on the DVL DAC core.
[1] WE VTT_DACENA_WE:
[0] RW 0 V'.IT_DACENA: Power up enable for the VTT level DAC. Controls “Enable DAC” VIT_DACENA
pin on the VIT DAC core.
DIG_TERM 0x02 [15] WE SPARE_1_WE
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REG
ADR

BIT

R/W

RESET
VALUE

DESCRIPTION

FIELD NAME

[14:10]

RW

OI_CLAMP_TESTMODE: Used for driver overcurrent clamp test mode.
Bit[O]

‘0’ Normal operation

‘1’ Driver overcurrent clamp test mode. Open loop on clamp.

[9]

DIG_INVERT_WE:

(8]

RW

COMPA_INVERT: A logic 1 inverts polarity of COMP_A output

COMPA_INVERT

[7]

RW

COMPB_INVERT: A logic 1 inverts polarity of COMP_B output

COMPB_INVERT

(6]

RW

DAT_INVERT: A logic 1 inverts polarity of DAT input

DAT_INVERT

[5]

RW

o |o |o |o

EN_INVERT: A logic 1 inverts polarity of EN input

EN_INVERT

(4]

DIG_TERM_WE:

[3:2]

RW

DAT_TERM: Sets termination configuration of FlexlO DAT input termination.

0 = No termination

1 = 100Q differential
2 =100Q differential
3 =500 single ended

DIG_TERM[1:0]

[1:0]

RW

EN_TERM: Sets termination configuration of FlexlO EN input termination.
0 = No termination

1 =100Q differential

2 = 100Q differential

3 =50Q single ended

EN_TERMI[1.:0]

MON_CTRL

0x03

[15]

WE

MH_SEL_WE:

[14:13]

RW

MH_SELGP: Selects a subgroup of measure high signals.
0=PMU

1 = Driver

2 = Comparator

3 = Deskew

MH_SELGP[1:0]

[12:8]

RW

MH_SEL: Selects internal channel node within the selected subgroup for
connection to the channel MH (measure high) bus.

0 = No connection
1 to 31 = See Table 102: Analog MUX Connections - MON_MH

MH_SEL[4:0]

[71

WE

ML_SEL_WE:

[6:5]

RW

ML_SELGP: Selects a subgroup of measure low signals.
0=PMU

1 = Driver

2 = Comparator

3 = Deskew

ML_SELGP[1:0]

[4:0]

RW

ML_SEL: Selects internal channel node within the selected subgroup for
connection to the channel ML (measure high) bus.

0 = No connection
1 to 31 = See Table 103: Analog MUX Connections - MON_ML

ML_SEL[4:0]

DAC_MODE

0x04

[15]

WE

ILOAD_COMP_WE

[14:10]

RW

ILOAD_COMP: lload compensation settings.

ILOAD_COMP[4:
0]

[9]

WE

DACMODE_WE:

[8:0]

RW

DACMODE:
O=Thermometer mode

(8] DVH_MODE
[7] DVL_MODE
[6] VIT_MODE
[5] CVA_MODE
[4] CVB_MODE
[3] FI_MODE

[2] FV_MODE

[4] ILSRC_MODE
[0] ILSNK_MODE

DACMODE [8:0]

DAC_0S_1

0x05

[15:12]

Reserved (unused):

[11:8]

RW

1000

OS_DVH_HS: DAC analog offset control for DVH DAC. This for adjusting the
level shift offset current output from the DAC core.

These bits are muxed to output pins when DRV_ENA[1:0] = 0,1 or 3

0S_DVH[3:0]

DAC_0S_1

0x05

[7:4]

RW

1000

OS_DVH_HV: DAC analog offset control for DVH DAC. This for adjusting the
level shift offset current output from the DAC core.

These bits are muxed to output pins when DRV_ENA[1:0] = 2

0S_DVH[3:0]
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0S_DVL_HS: DAC analog offset control for DVL DAC. This for adjusting the
[3:0] RW 1000 level shift offset current output from the DAC core. 0S_DVL[3:0]
These bits are muxed to output pins when DRV_ENA[1:0]=0,10r 3
0OS_DVL_HV: DAC analog offset control for DVL DAC. This for adjusting the
[15:12] RW 1000 level shift offset current output from the DAC core. 0S_DVL[3:0]
These bits are muxed to output pins when DRV_ENA[1:0] = 2
OS_VTT_HS: DAC analog offset control for VIT DAC. This for adjusting the
level shift offset current output from the DAC core.
[11:8] RW 1000 i P i 0S_VTT[3:0]
These bits are muxed to output pins when DRV_ENA[1:0] = 0,1 or 3 AND
DAC_0S_2 0x06 ILOAD_ENA = O.
OS_VTT_HV: DAC analog offset control for VIT DAC. This is for adjusting the
level shift offset current output from the DAC core.
[7:4] RW 1000 . . 0S_VTT[3:0]
These bits are muxed to output pins when DRV_ENA[1:0] = 2 AND
ILOAD_ENA = 0.
OS_VTT_ILOAD: DAC analog offset control for VIT DAC. This is for adjusting
[3:0] RW 1000 the level shift offset current output from the DAC core. These bits are muxed OS_VTT[3:0]
to output pins when ILOAD_ENA = 1.
OS_CVA: DAC analog offset control for CVA DAC. This is for adjusting the level
[15:12] RW 1000 shift offset current output from the DAC core. 0S_CVA[3:0]
These bits are muxed to output pins when COMP_ENA[1:0] =0, 1 or 2.
0S_CVB: DAC analog offset control for CVB DAC. This is for adjusting the level
[11:8] RW 1000 shift offset current output from the DAC core. These bits are muxed to output 0S_CVB[3:0]
DAC 0S 3 0x07 pins when COMP_ENA[1:0] =0, 1 or 2.
-7 OS_CVA_DIFF: DAC analog offset control for CVA DAC. This is for adjusting
[7:4] RW 1000 the level shift offset current output from the DAC core. These bits are muxed 0OS_CVA[3:0]
to output pins when COMP_ENA[1:0] = 3.
0S_CVB_DIFF: DAC analog offset control for CVB DAC. This is for adjusting
[3:0] RW 1000 the level shift offset current output from the DAC core. These bits are muxed 0S_CVB[3:0]
to output pins when COMP_ENA[1:0] = 3.
[15:12] Reserved (unused):
. OS_FV: DAC analog offset control for FV DAC. This is for adjusting the level I
DAC_0S_4 0x08 [11:8] N 1000 shift offset current output from the DAC core. 0S_FV[3:0]
[7:4] RW 1000 Unused:
[3:0] RW 1000 Unused:
[15] WE — DISC_COMP_OUT_WE:
DISC_COMP_OUT: This bit connects or disconnects the output stage local DISC COMP OU
[14] RW (0] loop compensation used for heavy load conditions. This will help speed up - T -
the PMU output. The recommended setting for this is O.
[13] WE — CON_COMP_RSEN_WE:
CON_COMP_RSEN: This bit is used to connect compensation capacitors CON COMP
[12:11] RW 11 across Rsense. The recommended setting is to have this register bit set to RSEN[ 1:0]
Ob11 for all PMU configurations. - i
[10] WE — REMOTE_WE:
REMOTE: This bit enables PMU remote sense mode. This bit needs to be set
on the channel that is being used as the force. The channel that is being used
as sense must be configured through register settings such that the PMU is
disconnected, and the driver is tri-stated. Hi-Z of sense channel is not
automated within the hardware.
[9] RW 0 . REMOTE
PMU CFG 0x09 0: Normal PMU operation
- 1: Remote sense is connected to adjacent channel DUT pin. Adjacent
odd/even channel pairs can be used together to force voltage and sense
voltage at the DUT. LOOP must also be set to “1”.
See Chart
(8] WE — FB_WE:
FB: This bit selects the PMU feedback mode.
00: Output stage feedback from amplifier output (internal side of sense
resistor).
[7:6] RW 10 01: Output stage internal feedback from DUT output. When FB=01 the pmu FB[1:0]
connect switch (CONNECT) is in the feedback path. Therefore, when the pmu
connect switch is opened the FB bit should be set back to 0bO0.
1X: Output stage feedback from just inside connect switch.
[5] WE — LOOP_WE:
4] RW 0 LOOP: This bit selects between tight loop operation and normal operation on LOOP
the PMU. Tight loop is used for setting a stable default condition and when
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forcing voltage while PMU is being used as a resistive load.
0: Default, tight loop enabled
1: Normal PMU operation
[3] WE — FI_FV_WE:
FI_FV: This bit selects between Fl or FV mode.
[2] RW (] 0: FV FI_FV
1:Fl
[1] WE — CONNECT_WE:
PMU CFG 0x09 CONNECT: This bit enables PMU output.
B [0] RW 0 0: PMU output is tri-stated CONNECT
1: PMU is active
[15] WE — FlexlO_LS_WE:
[14:13] RW 0 FlexlO_LS: This bit is used to setup the comparator output stage. FlexlO_LS
[12] WE 0 COMPC_WE:
COMPC: This bit selects compensation capacitor. Each bit enables one.
Bit [0]: 10pF
[11:7] RW 11000 | Bit[1]: 20pF COMPC[4:0]
Bit [2]: 40pF
Bit [3]: 70pF
Bit [4]: 150pF
PMU_IRNG 0x0A 6] WE — RNG_WE[5:0]:
RNG[5:0]: PMU Range selection: When PMU_TERM_ENA is set to ‘O’ these
bits are used to control RNG[5:0]
Bit [0] = Selects PMU FI/MI range of 2uA (250kQ resistor)
Bit [1] = Selects PMU Fl/MI range of 20uA (25kQ resistor)
[5:0] RW 00001 | it [2] = Selects PMU FI/MI range of 200pA (2.5 kQ resistor) RNG[5:0]
Bit [3] = Selects PMU Fl/MI range of 2mA (250Q resistor)
Bit [4] = Selects PMU Fl/MI range of 50mA (10Q resistor). Reduced voltage
range at max current in this mode.
Bit [5] = Unused
[15] WE — PMU_TERM_ENA_WE:
PMU_TERM_ENA: When set to “1” PMU_TERM is enabled and the range
control selection for all PMU resistors including the core Fl range resistors is PMU TERM
[14] RW 0 switched over to this register (bits [5:0]). When set to “0” all PMU_TERMI[x] ENA
signals are forced low, and control of the MI range resistors is set to the -
RNG[5:0] register. PMU needs to be also configured for FV mode.
[13] WE — RES_WE:
RES[6:0]: Selects termination mode resistors when PMU_TERM_ENA is set to
“1”. When PMU_TERM_ENA is set to “0” then all of these bits are forced to
“0". Digital block output pin
Bit [0] = Selects term mode driver with 125Q resistor for termination mode
only.
Bit [1] = Selects term mode driver with 570Q resistor for termination mode
only.
[12:6] RW 0 Bit [2] = Selects term mode driver with 14250 resistor for termination mode RES[6:0]
’ only. ’
PMU_TERM 0x0B Bit [3] = When enabled in conjunction with RNG_TERM[1] (5kQ2) this switch
sets a resistance of 5k( total.
Bit [4] = When enabled in conjunction with RNG_TERM [1] (25k() this switch
sets a resistance of 10kQ) total.
Bit [5] = When enabled in conjunction with RNG_TERM [0] (250kQ) this
switch sets a resistance of 50k total.
Bit [6] = Unused
RNG_TRM: Selection of PMU range resistors during PMU termination mode.
When PMU_TERM_EN is set to “1” these bits are used to control pins
RNG_TRM[5:0].
Bit [0] = Selects PMU Fl/MI range of 2uA (250kQ resistor)
[5:0] RW 0 Bit [1] = Selects PMU Fl/MI range of 20pA (25kQ resistor) RNG_TRM[5:0]
Bit [2] = Selects PMU Fl/MI range of 200pA (2.5k(2 resistor) -
Bit [3] = Selects PMU FI/MI range of 2mA (250Q resistor)
Bit [4] = Selects PMU FI/MI range of 50mA (10Q resistor). Reduced voltage
range at max current in this mode.
Bit [5] = Unused
[15] WE — PMU_GAIN_WE:
PMU_FI_VCL 0x0C
[14:11] RW 0 PMU_GAIN: Selects gm settings for PMU amplifiers. PMU_GAIN[3:0]
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Bit [3] = Unused
Bit [2] = selects higher output gm
Bit [1] = selects lower input gm
Bit [0] = selects lower clamp gm
[10] WE — CLL_DIS_WE:
CLL_DIS: Set to “1” to disable the low voltage clamp. This bit also disables
[9] RW 0 the current sinking clamp in FV as both clamp circuits use the same CLL_DIS
amplifier.
[8] WE — CLL_WE:
PMU_FI_VCL 0x0C CLL: The PMU Low Volt Cl |
[7:0] RW 0 © ow Voltage Clamp value CLL[7:0]
Bit [7] Unused.
[15] WE — SPARE_4_WE:
[14:11] RW 0 SPARE_4: TBD SPARE_4[3:0]
[10] WE — CLH_DIS_WE:
PMU FI CLH_DIS: Set to “1” to disable the high voltage clamp. This bit also disables
VC_H 0x0D [9] RW 0 the current sourcing clamp in FV as both clamp circuits use the same CLH_DIS
- amplifier.
[8] WE — CLH_WE:
CLH: The PMU High Voltage Clamp value
[7:0] RW Ox7F CLH[7:0]
Bit[7] Unused.
[15] WE — PMU_TESTMODE_WE:
PMU_TESTMODE: Test control bits to select internal DAC voltages to be
connected to the PMU output for production test. Must also select option 2
under PMU in MON mux control.
0 = FV_DAC: Force Voltage DAC
1 = CCL: Voltage Clamp Low DAC PMU TESTMODE
[14:11] RW Y 2 = CCH: Voltage Camp High DAC [3:0]
3 =FI_DAC: Force Current DAC
4 = CVB_DAC:
PMU_MISC OxOE 5 = CVA_DAC:
6 = DUT_MUX
7 - 15 = Unused
[10] WE — ICL_METHOD_WE:
ICL_METHOD: This bit selects current clamp sense point is implemented.
[9] RW 0 ‘0’ = Output Stage: ICL_METHOD
‘1’ = Use MI to clamp:
For internal use only. Should always be set to ‘0.
[8:0] — — Reserved (unused):
[15] WE — ILOAD_COMPMODE_WE:
IL.OAD_COMPMODE: ILOAD._
[14:10] RW 0 Bit[4:1] = Unused COMPMODE
Bit[O] = O: default compensation recommended for most use cases. [4:0]
1: use register ILOAD_COMP register for compensation setting.
[9] WE — ILOAD_RANGE _WE:
ILOAD_RANGE: Bit O used to switch Active Load to 2mA range.
[8:4] RW 0 Bit[4:1] = Unused ILOAD_RANGE
ILOAD CFG OXOF Bit[0] = 0: 24mA Active Load range [4:0]
- 1: AmA Active load range.
[3] WE — ILOAD_RT_WE:
ILOAD_RT: Real time pattern control for lload. When set to “1” the lload
connection is controlled by the real-time signal on the EN pins. When EN is
(2] RW 0 low the lload will be connected. Must also power up the lload circuit first. ILOAD_RT
When set to “0”, the lload connection is controlled by ILOAD_CONNECT.
[1] WE — ILOAD_CONNECT_WE:
0] RW 0 ILOAD_CONNECT: Register control to connect lload. When set to “1” lload is ILOAD
connected to DOUT pin. _CONNECT
[15:7] — — Reserved (unused):
[6] WE — RING_EN_WE:
COMP CFG 0x10 [5] RW 0 RING_EN: Writing a “1” enables de-skew ring oscillator mode. RING_EN
- [4] WE — FRC_CV_EN_WE:
FRC_CV_EN: This bit forces the output value of the comparators to the values
(3] RW 0 programmed into register bits CVH_D and CVL_D. FRC_CV_EN
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0: Comparator outputs operate normally and respond to their input signal.
1: Comparator output states forced to the value store in registers CVH_D and
CVL_D. When in this mode this control overrides any signal seen at the input
of the comparator.
[2] WE CVX_D_WE:
CVA_D: This bit is used to determine comparator A output value while
1] RW o FRC_CV_EN is high.. Used for all comparator mode.s. CVA_D
0: Force compare high comparator output to a logic low state.
1: Force compare high comparator output to a logic high state.
CVB_D: This bit is used to determine comparator B output value while
FRC_CV_EN is high. Used for all comparator modes.
[0] RW 0 —V- g P CVB_D
0: Force compare low comparator output to a logic low state.
1: Force compare low comparator output to a logic high state.
[15:2] WE Reserved (unused):
CMP MODE oxi1 [1] WE PMU_CMP_MODE_WE:
- 0] RW 0 PMU_CMP_MODE: Used to select whether PMU comparators are monitoring PMU_CMP
MV or M. Set to “0” for MV and “1” for MI. _MODE
[15] WE FENA_WE:
FENA: FORCE the state of the enable in the pin electronics driver. When this
force is released, the driver will return to the enable state indicated by the
Enable input pins.
[14:13] RW 0 FIOE[1] FIOE[0] FENA [1:0]
(o] X Pattern (EN)
1 0 Force Driver Off
1 1 Force Driver On
[12] WE — FDAT_WE:
FDAT: FORCE the DATA in the pin electronics driver. When this force is
released, the driver will return to the logic state indicated by the Data input
pins.
[14:10] RW 0 FDAT[1] FDAT[O] FDAT [1:0]
(0] X Pattern (DAT)
1 0 Force Data O
DRV_MODE 0x12
- X 1 1 Force Data 1
[91 — — Reserved (unused):
[8] WE — DRV_DIFF_WE:
DRV_DIFF: Set to “1” to enable differential drive mode for the channel. This
[7] RW 0 will result in this channel taking the inverted data from the adjacent channel DRV_DIFF
of the channel pair (0/1, 2/3, 4/5, 6/7).
[6] WE — HS_PRE_WE:
[5:2] RW 1000 HS_PRE: 4-bit pre-emphasis control for high-speed driver HS_PRE [3:0]
[1] WE TERM_VTT_WE:
TERM_VTT: Mode VTT select. This bit determines what state the driver goes to
when disabled.
[0] RW 0 0O: Selects drive HiZ when drive enable is low. TERM_VTT
1: Selects drive to VTT level when drive enable is high. VTT voltage level is
programmed with register VTERM.
[15:12] — — Reserved (unused):
[11] WE RO_SRC_SNK_FUSE_OVRD_WE:
RO_SRC_SNK_FUSE_OVRD: This bit selects whether to use the calibrated
[10] RW 0 value stored in fuse memory or override with the value in registers
RO_SRC_HS, RO_SINK_HS, RO_SRC_HV and RO_SINK_HV. Default “0”
DRV SLEW o0x13 selects fuse data and “1” selects register data.
= X
_HV [9] WE SLEW_HV_N_WE:
[8:5] RW 0 SLEW_HV_N: Negative slew rate control for HV driver only. SLE\[’:\;_‘(;-I]V‘N
[4] WE — SLEW_HV_P_WE:
[3:0] RW (] SLEW_HV_P: Positive slew rate control for HV driver only. SLE\[’;_‘(:\/‘P
[15:10] — Reserved (unused):
DRV_ROUT Ox14 [9] WE — RO_SRC_HS_WE:
-HS RO_SRC_HS
[8:5] RW 0 RO_SRC_HS: These bits adjust HS driver output sourcing resistance. ‘[3_0]‘
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[4] WE — RO_SINK_HS _WE:
[3:0] RW (] RO_SINK_HS: These bits adjust HS driver output sinking resistance. RO‘[S?I’NOI?‘HS
[15:10] — Reserved (unused):
[9] WE — RO_SRC_HV_WE:
. . . . . RO_SRC_HV
DRV_ROUT [8:5] RW 0 RO_SRC_HV: These bits adjust HV driver output sourcing resistance. .
Hy Ox15 [3:0]
- [4] WE RO_SINK_HV _WE:
[3:0] RW 0 RO_SINK_HV: These bits adjust HV driver output sinking resistance. RO_[S?I’!\:)I?_HV
DAT_DELAY 0x16 [15] WE — DAT_CRS_DEL_WE:
. DAT_CRS_DEL: Delay value for the driver data path de-skew. (~10ns) DAT_CRS_DEL
[14:9] RW Y “000000” = Min delay [5:0]
“100111” = Max delay. Code above “100111" not allowed.
[8] WE DAT_MED_DEL_WE:
DAT_MED_DEL: Delay value for the compare path de-skew. (~375ps) DAT MED DEL
DAT_DELAY 0x16 [7:5] RW (] “000” = Min delay ‘[2:0]‘
“111” = Max delay
[4] WE — DAT_FINE_DEL_WE:
- DAT_FINE_DEL: Delay value for the driver data path de-skew. (~110ps) DAT_FINE_DEL
[3:0] RW 0 “0000” = Min delay [3:0]
“1111" = Max delay
[15] WE EN_MED_DEL_WE:
EN_CRS_DEL: Delay value for the driver enable path de-skew. (~10ns)
[14:9] RW 0 “000000" = Min delay EN_([:sR.gTDEL
“10111" = Max delay. Code above “100111" not allowed.
[8] WE — EN_MED_DEL_WE:
EN_DELAY ox17 EN_MED_DEL: Delay value for the compare path de-skew. (~375ps) EN MED DEL
[7:5] RW 0 “000” = Min delay T 12:01
“111” = Max delay
[4] WE EN_FINE_DEL_WE:
EN_FINE_DEL: Delay value for the driver enable path de-skew. (~110ps)
. EN_FINE_DEL
[3:0] RW Y “0000” = Min delay [3:0]
“1111" = Max delay
[15] WE — CMPA_CRS_DEL_WE:
CMPA_CRS_DEL: Del lue for th th de-skew. (~10i
. _ _| elay value for the compare pa e-skew. ( ns) CMPA_CRS_DEL
[14:9] RW 0 “000000” = Min delay [5:0]
“100111” = Max delay. Code above “100111" not allowed.
[8] WE CMPA_MED_DEL_WE:
CMPA ox18 . CMPA_MED_DEL: Delay value for the compare path de-skew. (~375ps) CMPA_MED
_DELAY [7:5] RW 0 “000” = Min delay DEL [2:0]
“111” = Max delay B
[4] WE — CMPA_FINE_DEL_WE:
CMPA_FINE_DEL: Delay value for the compare path de-skew. (~110ps)
[3:0] RW 0 “0000” = Min delay CMPA[‘;I(’;‘]E‘DEL
“1111" = Max delay
[15] WE CMPB_CRS_DEL_WE:
CMPB_CRS_DEL: Delay value for the compare path de-skew. (~10ns)
CMPB_CRS_DEL
[14:9] RW Y “000000” = Min delay [5:0]
“100111” = Max delay. Code above “100111" not allowed.
[8] WE — CMPB_MED_DEL_WE:
%'\I{:ILPABY 0x19 CMPB_MED_DEL: Delay value for the compare path de-skew. (~375ps) CMPB MED DE
- [7:5] RW 0 “000000” = Min delay L[2:0]
“111111” = Max delay
[4] WE CMPB_FINE_DEL_WE:
CMPB_FINE_DEL: Delay value for the compare path de-skew. (~110ps)
. CMPB_FINE_DE
[3:0] RW Y “000000” = Min delay L3:0]
“111111” = Max delay
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[15:14] R 0 Reserved (unused):
[13] WE — DAT_FEA_WE:
DRV_FEA Ox1A [12:7] RW 100000 | DAT_FEA: Falling edge adjust for compare path de-skew. (~+50ps to +100ps) DAT_FEA [5:0]
[6] WE — EN_FEA_WE:
[5:0] RW 100000 | EN_FEA: Falling edge adjust for compare path de-skew. (~+50ps to +100ps) EN_FEA [5:0]
[15:14] R 0 Reserved (unused):
[13] WE — CMPB_FEA_WE:
: i j L (~t
S oxB [12:7] RW 100000 zﬂ)Pon_sl;EA Falling edge adjust for compare path de-skew. (~£50ps to CMPB_FEA [5:0]
[6] WE — CMPA_FEA_WE:
[5:0] RW 100000 i:jl\fl(l)’(?p_sl;EA Falling edge adjust for compare path de-skew. (~£50ps to CMPA_FEA [5:0]
DSKW_CFG 0x1C [15] WE — DAT_REA_WE:
[14:12] RW 100 DAT_REA: DAT_REA [2:0]
[11] WE — EN_REA_WE:
[10:8] RW 100 EN_REA: EN_REA [2:0]
DSKW_CFG 0x1C [7] WE — CMPA_REA_WE:
[6:4] RW 100 CMPA_REA: CMPA_REA [2:0]
[3] WE — CMPA_REA_WE:
[2:0] RW 100 CMPB_REA: CMPB_REA [2:0]
[15:8] — — Reserved (unused):
(71 WE — DSKW_TEMPCO_FUSE_OVRD _WE
DSKW_TEMPCO_FUSE_OVRD: This bit selects whether to use the calibrated DSKW TEMPCO
DSKW 0x1D [6] RW 0 value stored in fuse memory or override with the value in register FUSE OVRD
_TEMP DSKW_TEMPCO. Default “0” selects fuse data and “1” selects register data. i N
[5] WE — DSKW_TEMPCO_REG _WE
[4:0] RW 10000 DSKW_TEMPCO_REG: Temperature compensation setting for de-skews. DSKV‘{ZT(E]MPCO
[15:10] — — Reserved (unused):
[9] WE — DRV_BIAS_HV_WE:
DRV_BIAS_HV: Sets HV driver bias level. DRV BIAS HV
8:5] RW 0 0 = min 13:0]
DRV_BIAS Ox1E F = max
[4] WE — DRV_BIAS_HS_WE:
DRV_BIAS_HS: Sets HS driver bias level.
(0] | RW 0 |o=mn R o
F = max )
[15:1] — — Reserved (unused):
RING OXx1F WO P RING_PULSE: Writing this bit generates a one-shot pulse (single clock cycle)
_PULSE [0] ULSE 0 to initiate oscillations in the ring oscillator. Cleared automatically after pulse RING_PULSE
in generated.
FV_DAC 0x20 [15:0] RW 0x8000 | FV_DAC: The PMU Force Voltage value. -2V to +6V supported range. FV_DAC
FI_DAC 0x21 [15:0] RW 0x8000 FI_DAC: The PMU Force Current value. FI_DAC
DVH_DAC 0x22 [15:0] RW 0x8000 | DVH_DAC: Drive High Voltage reference value. -2V to +6V supported range. DVH_DAC
DVL_DAC 0x23 [15:0] RW 0x8000 | DVL_DAC: Drive Low Voltage reference value. —2V to +6V supported range. DVL_DAC
VIT_DAC 0x24 [15:0] RW 0x8000 \r/a'l:ll'ggAC: Drive Termination Voltage reference value. —2V to +6V supported VIT_DAC
CVA_DAC 0x25 [15:0] RW 0x8000 g::ggf; :)aor:rglzérator Threshold A Voltage reference value. -2V to +6V CVA_DAC
CVB_DAC 0x26 [15:0] RW 0x8000 g:;)_gf; :)aor:rglzérator Threshold B Voltage reference value. -2V to +6V CVB_DAC
fm@-_‘;ﬁg 0x27 [15:0] RW 0x8000 EZC}ZTEVTX;EQE;:gL;gC:mparator Threshold A Voltage reference value. CVA__PDﬂg_MV
(_:\ICI?I__PD'Xg 0x28 [15:0] RW 0x8000 SZ\BI:ETEVIZIL\‘/;EQ?E dPIrV;l;Jl g(':ec:fmparator Threshold B Voltage reference value. CVB__PDIXg_MV
CVAEE(I:FF 0x29 (15:0] RW 0x8000 CVA_DIFF_DAC: Differential Comparator Threshold A Voltage reference value. CVA_DIFF_DAC
_ —2V to +6V supported range.
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REG RESET
REG_NAME ADR BIT R/W VALUE DESCRIPTION FIELD NAME
CVB_DIFF 0x2A [15:0] RW 0x8000 CVB_DIFF_DAC: Differential Comparator Threshold B Voltage reference value. CVB_DIFF_DAC
_DAC —2V to +6V supported range.
ILSRC_DAC 0x2B [15:0] RW 0 ILSRC_DAC: Active load sourcing current value. O to 24mA supported range. ILSRC_DAC
ILSNK_DAC 0x2C [15:0] RW 0 ILSNK_DAC: Active load sinking current value. 0 to —24mA supported range. ILSNK_DAC
V'I'I'_[;IA(():AD 0x2D [15:0] RW 0x8000 \i‘g]_;t(;ApgﬁE;\?a :;:ve load commutating voltage reference value. -2V to VIT_ILOAD_DAC
C\'CIAI_II;X(I:J OX2E [15:0] RW 0x8000 Cgc_tzl\:l-gvl\glll_p[:’ﬁﬁ:elz‘jl\/rl:n(gtzmparator Threshold A Voltage reference value. CVA_EX(I:J_MI
C\'(/IB;_[P’XCIEJ OX2F [15:0] RW 0x8000 ?;\BI:ET:VIZIL;?JAOﬁ:EZT:n(gtzmparator Threshold B Voltage reference value. CVB_EXI(?_MI
[15:9] — 0 Reserved (unused):
[8] WE — ALARM_MODE_WE:
ALARM_MODE: Set the mode for all alarms. Defaults to “0” which is latched
ALARM_CFG 0x33 7] RW 0 mode with clear on read. Set to “1” to set to real time mode (unlatched) ALARM_MODE
MASK_WE: These mask bits are used to block an alarm signal from asserting
[6] WE — the ALARM_FLAG pin. The mask bits do not block the register from following
the state of the alarm signals.
[5] — 0 Reserved (unused):
[4] RW 0 MSK_ALARM_PMU_VCL: Set to “1” to mask PMU voltage low clamp alarm. MSPKN‘IG chy
[3] RW 0 MSK_ALARM_PMU_VCH: Set to “1” to mask PMU voltage high clamp alarm. M?,KM‘SL\//-\CRHM
ALARM_CFG 0x33 2] RW 0 MSK_ALARM_PMU_ICL: Set to “1” to mask PMU negative over current clamp MSK_ALARM
alarm. _PMU_ICL
1] RW 0 MSK_ALARM_PMU_ICH: Set to “1” to mask PMU positive over current clamp MSK_ALARM
alarm. _PMU_ICH
[0] RW 0 MSK_ALARM_SHORT: Set to “1” to mask driver shirt circuit protection alarm. MSI;_HAOL;\.IF_! M
[15:6] — — Reserved (unused):
[5] — — Reserved (unused):
ALARM_PMU_VCL: Asserted when PMU low voltage clamp is engaged in Fl ALARM_PMU
[4] RO 0
mode. _VCL
ALARM_PMU_VCH: Asserted when PMU high voltage clamp is engaged in Fl ALARM_PMU
ALARM 0x34 31 RO 0 mode. _VCH
2] RO 0 ALARM_PMU_ICL: Asserted when PMU negative current clamp is engaged in ALARM_PMU
FV mode. _ICL
ALARM_PMU_ICH: Asserted when PMU positive current clamp is engaged in ALARM_PMU
[1] RO 0
FV mode. _ICH
[0] RO 0 ALARM_SHORT: Asserted when driver short circuit protection is engaged. ALARM_SHORT
[15:6] — — Reserved (unused):
[5] — — Reserved (unused):
4] ROL_C 0 ALARM_LTCH_PMU_VCL: Asserted when PMU low voltage clamp is engaged ALARM_LTCH
LR in Fl mode. _PMU_VCL
ROL_C ALARM_LTCH_PMU_VCH: Asserted when PMU high voltage clamp is engaged ALARM_LTCH
[3] (0]
ALARM 0x35 LR in Fl mode. _PMU_VCH
-LTCH 2 ROL_C o ALARM_LTCH_PMU_ICL: Asserted when PMU negative current clamp is ALARM_LTCH
LR engaged in FV mode. _PMU_ICL
1] ROL_C 0 ALARM_LTCH_PMU_ICH: Asserted when PMU positive current clamp is ALARM_LTCH
LR engaged in FV. mode. _PMU_ICH
0] ROL_C 0 ALARM_LTCH_SHORT: Asserted when driver short circuit protection is ALARM_LTCH
LR engaged. _SHORT
[15:1] — — Reserved (unused):
ALARM 0x36 ALARM_FORCE: Set to "1" to manually assert ALARM_FLAG. ALARM_FLAG is
X ; . . -
FORCE the logical OR of all of the alarm bits. If the mode is set to latched, this alarm
- 0] RW 0 flag is derived from latched register state and if the mode is real-time then ALARM_FORCE
this flag is derived directly from real time signals.
[15:7] — — Reserved (unused):
oMP STAT o3 6] RO o QIL:‘I?hI:EI:‘I;?G: Reads the current real time state of the ALARM signal from ALARM_FLAG
. X
[5] RO — CVA_STAT: State of the comparator A output (single ended and differential) CVA_STAT
[4] RO — CVB_STAT: State of the comparator B output (single ended and differential) CVB_STAT
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REG RESET
REG_NAME ADR BIT R/W VALUE DESCRIPTION FIELD NAME
[3] RO — CVA_PMU_STAT: State of PMU comparator A CVA_PMU_STAT
[2] RO — CVB_PMU_STAT: State of PMU comparator b CVB_PMU_STAT
[1] RO — EN_STAT: state of the drive enables at the ENA pins EN_STAT
[0] RO — DAT_STAT: state of the drive data at the DATA pins DAT_STAT
[15:13] — — Reserved (unused):
[12] WE — ICH_IR2m_WE:
. ICH_IR2m: Coarse clamp setting for 2mA range and lower ranges. Used to .
PMIléT_IFV 0x38 [11:9] RW 0 calibrate clamps to ~3mA for coarse DUT protection. ICH_IR2m [2:0]
- [8] WE — ICH_IR50m_WE:
[7:0] RW 0 ICH_IR50m: Clamp setting for 50mA range. Can be used to set clamp level ICH_IR50m [7:0]
across 2mA to 70mA range.
[15:13] — — Reserved (unused):
[12] WE — ICL_IR2m_WE:
PMU_FV_ICL 0x39 . "
_FV_ [11:9] RW 0 ICL._IR2m. Coarse clamp setting for 2mA range a-nd lower ranges. Used to ICL_IR2m [2:0]
calibrate clamps to ~3mA for coarse DUT protection.
[8] WE — ICL_IR50m_WE:
PMU_FV_ICL 0x39 [7:0] RW 0 ICL_IR50m: Clamp setting for 50mA range. Can be used to set clamp level ICL_IR50m [7:0]
across 2mA to 70mA range.
FV_B_DAC Ox3A [15:0] RW 0x8000 FV_B_DAC: The PMU Force Voltage value.
[15:4] — — Reserved (unused):
[3] WE — FV_SEL_WE:
FV_SEL: When FV_RTC_EN=0, selects what Force Voltage value to use for
driving out:
[2] RW (0] g
- FV_SEL ="0" use FV value
FV_RTC 0x3B -FV_SEL ="1" use FV_B value
[1] WE — FV_RTC_EN_WE:
FV_RTC_EN: Enables real time switching between FV and FV_B using DAT
[0] RW 0 input pin: - "0" use FV_SEL register to choose FV or FV_B value
-"1" use DAT input to choose FV or FV_B value:- DAT="0" use FV value
- DAT="1" use FV_B value
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FUSE Memory
TABLE 115: FUSE MEMORY
REG_NAME REG BIT R/W RESET DESCRIPTION FIELD NAME
ADR VALUE

FUSE_OUT_15_0 0x98 [15:12] RO RO_SINK_HS_FUSE RO_SINK_HS_FUSE [3:0]
[11:8] — Reserved (unused)
[7:4] RO RO_SRC_HV_FUSE RO_SRC_HV_FUSE [3:0]
[3:0] RO RO_SINK_HV_FUSE RO_SINK_HV_FUSE [3:0]

FUSE_OUT_31_16 0x99 [8:15] RO ICH_IR50m_FUSE_TOP ICH_IR50m_FUSE_TOP [7:0]
[7:4] — Reserved (unused)
[3:0] RO RO_SRC_HS_FUSE RO_SRC_HS_FUSE [3:0]

FUSE_OUT_47_32 0x9A [15:12] RO CLL_FUSE_BOT CLL_FUSE_BOT [3:0]
[11:8] RO OS_DVH_HS_FUSE 0S_DVH_HS_FUSE [3:0]
[7:4] RO 0S_DVH_HV_FUSE 0S_DVL_HV_FUSE [3:0]
[3:0] RO 0S_DVL_HS_FUSE 0S_DVL_HS_FUSE [3:0]

FUSE_OUT_63_48 0x9B [15:12] RO 0S_DVL_HV_FUSE OS_DVL_HV_FUSE [3:0]
[11:8] RO OS_VTT_HS_FUSE OS_VTT_HS_FUSE [3:0]
[7:4] RO OS_VTT_HV_FUSE OS_VTT_HV_FUSE [3:0]
[3:0] RO OS_VTT_ILOAD_FUSE OS_VTT_ILOAD_FUSE [3:0]

FUSE_OUT_79_64 0x9C [15:12] RO 0S_CVA_FUSE 0S_CVA_FUSE [3:0]
[11:8] RO 0S_CVB_FUSE 0S_CVB_FUSE [3:0]
[7:4] RO 0S_CVA_DIFF_FUSE 0S_CVA_DIFF_FUSE [3:0]
[3:0] RO 0S_CVB_DIFF_FUSE 0S_CVB_DIFF_FUSE [3:0]

FUSE_OUT_95_80 0x9D [15:12] RO CLH_FUSE_BOT CLH_FUSE_BOT [3:0]
[11:8] RO OS_FV_FUSE OS_FV_FUSE [3:0]
[7:0] RO ICL_IR50m_FUSE_Top ICL_IR50m_FUSE_Top [7:0]

FUSE_OUT_111_96 Ox9E [15:11] RO CLH_FUSE_TOP CLH_FUSE_TOP [4:0]
[10:6] RO CLL_FUSE_TOP CLL_FUSE_TOP [4:0]
[6:3] RO ICH_IR2m_FUSE ICH_IR2m_FUSE [2:0]
[2:0] RO ICL_IR2m_FUSE ICL_IR2m_FUSE [2:0]
FUSE_OUT_127_112 Ox9F [15:12] — Reserved (unused)

[11:6] RO ICL_IR50m_FUSE_BOT ICL_IR50m_FUSE_BOT [5:0]
[5:0] RO ICH_IR50m_FUSE_BOT ICH_IR50m_FUSE_BOT [5:0]

See Table 103 for description of each register.
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Thermal Analysls
Junction Temperature

Maintaining a low and controlled junction temperature is a
critical aspect of any system design. Lower junction
temperatures translate directly into superior system reliability. A
more stable junction temperature translates directly into superior
AC and DC accuracy.

The junction temperature equation is as follows:
T] = Pd « 6JA + TA.
where:
T, = Junction Temperature
Pp = Power Dissipation
01a = Thermal Resistance (Junction to Ambient)
Ta = Ambient Temperature
Heat can flow out of the package through two mechanisms:

e conduction
e convection

Conduction

Conduction occurs when power dissipated inside the chip flows
out through the leads of the package and into the printed circuit
board. While this heat flow path exists in every application, most
of the heat flow will NOT occur with thermal conduction into the
PCB.

Conduction also occurs in applications using liquid cooling, in
which case most of the heat will flow directly out of the top of the
package through the exposed heat slug and into the liquid cooled
heat sink. The heat sink represents a low thermal resistance path
to a large thermal mass with a controlled temperature.
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15-50280-10
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The total thermal resistance is the series combination of the
resistance from the junction to case (exposed paddle) (6ic) plus
the resistance from the case to ambient (Oca)

Convection

The most common cooling scheme is to use airflow and
(potentially) a heat sink on each part. In this configuration, most
of the heat will exit the package via convection, as it flows
through the die, into the paddle, and off the chip into the
surrounding air flow.

Thermal Resistance

Each system will have its own unique cooling strategy and overall
01a. However, the resistance between the junction and the case is
a critical and common component to the thermal analysis in all
designs.

8JA = 0JC + OCA

Oca is determined by the system environment of the part and is
therefore application specific. 0,c is determined by the
construction of the part.

0JC Thermal Resistance (Junction to Case)
6JjC = 0.096°C/W
The thermal resistance of any material is defined by:
0 = (Intrinsic material resistivity) e Thickness/Area
or

6 = Thickness / (Intrinsic material conductivity ¢ Area)
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Man l.lfactllﬂng [ T25°CtoPeak —— }7
t,

Moisture Sensitivity :
Critical Zone-t  to t,

Mt. Mystery is a Level 3 (JEDEC Standard 033A) moisture T |
sensitive part. All pre-production and production shipments will

/

undergo the following process post final test: = t
o Baked @+125°C £5°C for a duration of = 43 hours. g.’ Ts max
e Vacuum sealed in a moisture barrier bag (MBB) within 30 e Ramp Up

minutes after being removed from the oven.

Ts min

PcB Assombly ts Preheat > Ramp Down

The floor life is the time from the opening of the MBB to when
the unit is soldered onto the PCB.

+25°C

e Product Floor Life <168 Hours Time
Units that exceed this floor life must be baked before being FIGURE 59: SOLDER TIME VS TEMPERATURE
soldered to the PCB.
Solder Profile

The recommended solder profile is dependent upon whether the
PCB assembly process is load-free.

TABLE 116: SOLDER PROFILE

Solder Profile Pb-Free Assembly
Average ramp up rate (TL to TP) 3°C/sec (max)
Preheat
Min Temp (Ts min) 150°C
Max Temp (Ts max) 200°C
Time (min to max) (ts) 60 - 180 sec
Ts max to TL - Ramp Up Rate 3°C/sec (max)
Time above
Temperature (TL) 217°C
Time (tL) 60 - 150 sec
Peak Temperature (TP) 260°C
Time within 5°C of actual peak temp (tp) 20 sec - 40 sec
Ramp down rate 6°C/sec (max)
Time 25°C to peak temperature 8 minutes (max)
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Package Outline Drawing

14mm X 14mm 144 Ball FCBGA (Flip Chip Ball Grid Array)
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PRIMARY DATUM C AND SEATING PLANE ARE DEFINED BY THE SPHERICAL
CROWNS OF THE SOLDER BALLS

CTION
&DIHENS\DN IS MEASURED AT THE MAXIMUM SOLDER BALL DIAMETER, PARALLEL TO PRIMARY DATUM C @ % PACKAGE OUTLINE
OTH

1. ALL DIMENSIONS AND TOLERANCES CONFORM TO ASME Y14.5 — 2009
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FIGURE 60: PACKAGE OUTLINE DRAWING FCBGA
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14mm X 14mm 144 Ball FCCSP (Flip Chip Chip Scale Package)

a | 7 | [ | 5 4 3 o | 1
[ [ I
F F
s [a.za]g] (2
[=[o.2a[e] (22 R
14.00 {&]
= 41 BALL PAD CORNER —
EOTTOM BALL WAP
A1 BALL PAD CORNER ! y
5 5 1
4 2
E E
QOOoO00 |-
[ofeRolole] B
QOO0 e
-l QOOo0O0 o |
[t.00] 00000 |e
—l_ (.5 jsjejelsjelelioiojoya]ole] F
CoOoOOClo0O00o0 (&
o OOO00 H [i}
QOoOOO |«
[eeRelene] K
QOOoOO0 |-
- SO0 OEE " -
L SEATING FLANE ||
= [0.20]C]02K) J T
(2.80) {1.50) l‘—-
= o a.30 WM {1.50)—s - c
(247 HOM)
0.5620,D5—=
TGP VI —— 1,98 AKX DOTTON YIE
144 SULLER GALLS
— SIDE_ VIEW |
PRIMARY DWTUM & AND SEATING PLANE ARE DEFINED BY THE SPHERICAL
& &cnowns OF THE SOLDER BALLS m DRANING TYFE B
DCIMENSICN_|S MEASLRED AT THE MAXIMUM SOLDER BALL DUMETER, POST REFLOW,
PaRALLEL TG PRIMARY DT © PACKAGE OUTLINE
1. REFEREMGE SPECIFICATIONS:
4. A4 SPEC #001-1233: PACKING OPERATION PROCEDURE
H. AW SPER #001—D081 MARKING
— PACKAGE GROLP BODY ¥ EGIT ¥ BIDT 2 —
NOTES: UNLESS OTHERWISE SPECIFIED WA 14.00 14.00 1.85
UNLESS GTHERMISE SPECIED [ BALL PITCH Rl BALL SEE EALL COUNT BALL MATRIX
DIMENGIONS ARE [N Wi LLIMETERS 1.00 060 144
DETIMAL ANGULAR
é XX +1° SIZE | SCALE “
Wiei 20,050 A i1
INTERFRET DIM &M TOL PER SHEET
ASME 114.5 — 2008 1 0OF 1
] 7 5 | 5 + | 3 | 2 1

FIGURE 61: PACKAGE OUTLINE DRAWING FCCSP
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TABLE 117: REVISION HISTORY

DATE CHANGE

e Figure 21: Alarms updated to use RNG[4] instead of RNG[5] to switch between 50mA and 2mA clamp DACs.

e Updated EN_STAT and DAT_STAT readback locations. The readback locations are before FDAT[1:0] and FENA[1.:0]
7/24/2023 muxes.

e Update the following in the Moisture Sensitivity section: Baked @+125°C +£5°C for a duration of 2 43 hours.
e Table 74 updated with new values for Force Current transfer function.

e Updated all instances of PMU_COMP_MODE to read PMU_CMP_MODE

o Updated description of GND_REF in Pin Descriptions section.

o Added fcCSP package option to datasheet.

2/5/2023 e Update temperature sensing equation.

e Updated ICL_IR50m_FUSE_Top fuse register location in register map.
o Changed header to remove Mt. from the title.

e Changed PMU_GAIN[3:0] register reccommended settings to 0000.

e Update Figure 16

e Update Table 36

o CRS_DEL section updated.

o PMU_ENA table and description updated.

e Table 3: Rrnc_rext Changed to Rrne_rrer

5/18/2022

e Updated active load section to add tables for Active Load Compensation registers. include a description of the Active
Load compensation.

e Added thermal analysis page.

e Remove OS_FI DAC.

11/24/2021 e Update power supply specs and conditions.

® Page 18: Change MHO, MLO, MH1, ML1 to MON_O, MON_1, MON_REF_O, MON_REF_1.

o Update alarm schematic.

01/29/2021 e Production Release

12/17/2020 e Update specs, tables, figures.

9/19/2019 e Preliminary Release

TABLE 118: PART NUMBER/MARKING
PART NUMBER (NOTE 1) PART MARKING TEMP RANGE (°C) PACKAGE
ELE18MY1-FCTO1 ELE18MY +25 to +100 144 Lead, 14x14mm FCBGA. Note 1
ELE18MY1-CSTO1 ELE18MY +25 to +100 144 Lead, 14x14mm FCCSP. Note 1
ELE18MY1A-EVM Evaluation Board
NOTE:

1. These Elevate Semiconductor Pb-free plastic packaged products employ special Pb-free material sets), molding compounds/die attach materials,
and 100% matte tin plate plus anneal (€3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering
operations). Elevate Semiconductor Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free
requirements of IPC/JEDEC J STD-020

Elevate Semiconductor parts are sold by description only. Elevate Semiconductor reserves the right to make changes in circuit design,
software, and/or specifications at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before
placing orders. Information furnished by Elevate Semiconductor is believed to be accurate and reliable. However, no responsibility is
assumed by Elevate Semiconductor for its use, nor any infringements of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of Elevate Semiconductor.

For information regarding Elevate Semiconductor and its products, http://www.elevatesemi.com
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