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ABSOLUTE MAXIMUM RATINGS

VCC IO GND ... -0.3Vto +11V
VEEtoGND .................. -6V to +0.3V
ANY VCC 10 ANY VEE oot +16.5V
VoD to DGND................ ....-0.3V to +5V
DGND t0 GND ..o +0.3V
GNDDAC_t0 GND ..o +0.3V
DGND to GNDDAC_ ..o, +0.3V
DGS 10 GND ..o +1V
CTV_, DTV_, RTV_to GND........coooviiiiiiiiiei -0.3V to +5V

DATA_, NDATA_ to GND

(Differential Input Termination) ...(VEE - 0.3V) to (Vcc + 0.3V)
RCV_, NRCV_ to GND

(Differential Input Termination) ...(VEg - 0.3V) to (Vcc + 0.3V)
CH_, NCH_, CL_, NCL_

tO GND....ooooi (VeTv_ - 1.1V) to (VcTv_ + 0.3V)
Current into CH_, NCH_, CL_, NCL_ ..........coevviiiinnn. +10mA
DATA_ to NDATA_, RCV_to NRCV_ ......cocoii, +1V
RTV_-RCV_, RTV_- NRCV_ ....-0.3Vto +1V
DTV_- DATA_, DTV_ - NDATA ..ot -0.3V to +1V
DUT_10 GND oo, (VEE - 0.3V) to (Vce + 0.3V)

SCLK, DIN, CS, LOAD to DGND ............. -0.3V to (Vpp + 0.3V)
RST, LLEAKP_to DGND ............ccocooo.. -0.3V to (Vpp + 0.3V)
OVALARM, TALARM to DGND -0.3V to (VpD + 0.3V)
TEMP t0 GND ... (VEE - 0.3V) to (Vcc + 0.3V)
REFto GND................. -0.3V to the lower of (VGNDDAC_+ 2.6V)
and (Vcc + 0.3V)

REF CUIMeNt ... +75mA
All Digital INPUES ..o +30mA
DUT_ Short-Circuit Duration............cccoceviiiniiiiins Continuous
Continuous Power Dissipation

64-Pin TQFP (derate 125mW/°C above +70°C) ............... 10W
Junction Temperature ..........ccccooeiiiiiiiiiii +150°C
Storage Temperature ..........ccccoeeereenn, ...-65°C to +150°C
Lead Temperature (soldering, 10S) ......ccccevviiiiiiiiiinnns +300°C
ESD, Human Body Model:

All Pins Excluding Pins Below...........cccccooiiiiiiiiiiiiinn 2.000V
ESD, Human Body Model: DATA_, NDATA_.........cccoce. 1.500V
ESD, Human Body Model: RCV_, NRCV_, DTV_, RTV_..1.500V
HUMIAITY oo 10% to 90%

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = +9.25V, VEE =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VpTV_ = +1.5V, VCHV_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy_ = -2.7V, Veomyv_ = +2.5V, VLDHY_ = OV, VIpLV_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =

+40°C and +100°C, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DRIVER
DRIVER DC CHARACTERISTICS (RL > 10MQ, unless otherwise noted; includes level-setter error)
VDHV_ | VDLv_=-2V,VDTV_=+1.5V -1.8 +6
Output-Voltage Range VDLV_ | VDHV_ = 46V, VDTV_ = +1.5V -2 +5.8 V
VDTV._  |VDHV_= 46V, VpLv_=-2V -2 +6
VDHv_ = +0.125V, VpLv_ = -2V,
VDHVOS VDTV = +1.5V £2
VpLv_ = +0.125V, VpHV_ = +6V,
Output Offset Voltage (Note 1) VDLVOS VDTV = +15V +2 mV
VDTV = +0.125V, VDHV_ = +6V,
VbLVOS VbLy. = -2V *2
Output-Voltage T t VDRV_ =75 =500
utput-Voltage Temperature o
Coefficient (Notes 2, 3) VoL, =75 =500 WVFC
VDTV_ +75 +500
2 AKX
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ELECTRICAL CHARACTERISTICS (continued)
(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VpTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, Vi pHv_ = 0V, VLpLv_ = OV, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

DATA_

VpLv_ = 0V, DATA_=0and 1

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
VpLv_ =-2V, VpTv_ = +1.5V,
ADHV_ | yorv. = +0.125V and +3.875V 0.998 ! 1.002
) VDHV_ = +6V, VDTV = +1.5V,
Gain (Note 1) ADLV_ VDLV = +0.125V and +3.875V 0.998 1 1.002 VIV
VDHV_ = +6V, VDLV_ = -2V,
ADTV_ | vy = +0.125V and +3.875V 0.998 1 1.002
VpLv_ =-2V, VpTv_ = +1.5V, " 6
VDHV_ = -0.5V to +4.5V + *
Linearity Error, -0.5V to +4.5V VDHV_ = +6V, VDTV_ = +1.5V, 1 +6 mv
(Note 1) VpLv_ =-0.5V to +4.5V - -
VpLv_ = -2V, VDHV_ = +6V, 1 +6
VpTv_ =-0.5V to +4.5V - -
VpLv_ = -2V, VpTV_ = +1.5Y, 1o
VDHv_ =-1.75V and +5.125V -
Linearity Error, -1.75V to +5.125V VDHV_ = +6V, VDTV_ = +1.5V, 12 my
(Note 1) VpLv_ =-1.75V and +5.125V -
VpLv_ = -2V, VDHV_ = +6V, 12
VpTv_ =-1.75V and +5.125V -
VpLv_ = -2V, VpTv_ = 1.5V, L5 14
VpHV_ = -1.8V and +6V * *
Linearity Error, Full Range VDHV_ = +6V, VDpTV_ = 1.5V,
(Note 1) VDLV = -2V and +5.8V L L
VDLV_ = -2V, VDHV_ =6V, 45 +14
VpTv_ =-2V and +6V -
VpLv_ =-0.5V, VpTv_= 1.5V,
DHV_-to-DLV_ Crosstalk VDHV_ = -0.3 and +6V +3 mV
VDHV_ = +4.5V, VpTV_ = 1.5V,
DLV_-to-DHV_ Crosstalk VDLV = -2.0 and +4.3V +3 mV
DTV_-to-DLV_ and DHV_ VpHv_ = +3V, VpLv_ =0V, w0 mv
Crosstalk VDTv_ = -2V and +6V -
VpTv_ = +1.5V, VpLy_ =0V,
DHV_-to-DTV_ Crosstalk VDHV_ = 1.6V and +3V +3 mV
VDTV = +1.5V, VpHV_ = +3V,
DLV_-to-DTV_ Crosstalk VDLV = OV and +1.4V +3 mV
Term Voltage Dependence on VpTv_ = +1.5V, VpHv_ = +3V, w0 my
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ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLv_ = -2.7V, Vcomv_ = +2.5V, VLDHv_ = 0V, Vi pLv_ = 0V, VcTv_ = +1.2V, VpTv_ = VRTV_ = OV, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =

+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PSRROHY VDHv_ = +3V, Vcc and VEE independently 39
varied full range
I VbLv_ = 0V, Vcc and Vee independently
DC Power-Supply Rejection PSRRDLV varied full range 39 dB
PSRROTY VDTv_ = +1.5V, Vcc and VEE independently 39
varied full range
RL= 0, when DATA_ = H, VDpHv_ = +6V and
DC Drive Current Limit VDUT_ = -2V; when DATA_ =L, +65 +110 mA
VpLv_=-2V and VpuT_ = +6V
DC Output Resistance (Note 4) 46 48 50 Q
DATA_ = H, VDHV_ = +3V, VpLv_ =0V, 1 >
DC Output Resistance Variation VDTV_ = +1V, IDUT_ = TMA to 40mA o
(Note 5) DATA_ =L, VDHV_ = +3V, VDLV = 0V, ] 5
Vptv_ = +1V, IDUT_ = -1TmA to -40mA
. . Ro = Fhvs. Ro = 8h and Ro = Oh vs.
Adjustable Output Resistance ARo | Ro = 8h, resolution of 0.36€ conditions 25 Q
Range
(Note 4)
DRIVER AC CHARACTERISTICS (RL = 50Q2 to GND) (Note 6)
Dynamic Drive Current (Note 7) +100 mA
VbLv_ =0V,
VDHV_ = +0.1V 40
VbLv_ =0V,
Cable-droop VDHY = 41V 8
Drive Mode Overshoot compensation off, = %
CDRP_ = 000b VbLv_ =0V, 3
VDHV_ = +3V
VpLv_ =0V, 5
VDHV_ = +5V
VpLv_ =0V,
VDHv_ = +0.1V 20
VpLy_ =0V,
Cable-droop VDHY = 41V 5
Drive Mode Undershoot compensation off, — %
CDRP_ = 000b VbLv_ =0V, 5
VDHV_ = +3V
VpLv_ =0V, 5
VDHV_ = +5V
Cable-Droop Compensation VpLV_ = 0V, VpHv_ = +1V, CDRP_S = 000 0 o
Range, Fast Time Constant VDLV_ = OV, VDHv_ = +1V, CDRP_S = 111 0 b
4 AKX
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ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VpTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, Vi pHv_ = 0V, VLpLv_ = OV, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Cable-Droop Compensation VpLv_ =0V, VDpHv_ = +1V, CDRP_L = 000 0 o
Range, Slow Time Constant VpLv_ =0V, VpHv_ = +1V, CDRP_L = 111 20 °
Driver Cable-Droop
Compensation, Short Time 80 ps
Constant
Driver Cable-Droop
Compensation, Long Time 1.3 ns
Constant
Termination Mode Overshoot Cable-droop compensation off (Notes 3, 8) 0 50 mV

To within 100mV, VpHy_ = +5V, 0.95 ’
VpLV_ = OV (Note 9) :
) . To within 50mV, VpHv_ = +3V,
Settling Time (Note 3) VDLV_ = OV (Note 9) 0.25 1 ns
To within 25mV, VpHv_ = +0.5V, 0.5 ’
VpLV_ = OV (Note 9) :
TIMING CHARACTERISTICS (Notes 6, 10)
Propagation Delay, Data o VpHv_ = +3V, VpLv_ =0V (Note 11) 0.6 1.0 1.4 ns
Output
Propagation Delay Match, t_ H vs. (Note 3) +40 +80 ps
tHL
Propagation Delay Match, Drivers
Within Package Same edge 40 ps
Propagation Delay Temperature o
Coefficient (Note 3) ! S ps/°C
VbHv_ = +1V, VpLv_ =0V, 0.85ns to
. +25 +50
24.150ns pulse width (Note 3)
Propagation Delay Change vs. VDHV_ = +3V, VDLV_ = 0V, 1ns to 24ns pulse 435 460 ps
Pulse Width width (Note 3)
VpHvV_ = +5V, VpLv_ =0V, 1.5ns to 23.5ns
. +100
pulse width
VDHV - VDLV = +1V, VDHV_ = +1V to +4V
- - - 50 60
Propagation Delay Change vs. (using a DC block) 0
Common Mode (Note 3) VDHV - VDLV = +1V, VDHY_ = -1V to +6V
: 50 120
(using a DC block)
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ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Propagation Delay, Drive to High
Impedance, High Impedance to VpHv_ = +1V, VpLv_ = -1V (Notes 3, 12) 1.5 2.1 2.8 ns
Drive
Delay Match, Drive to High
Impedance vs. High Impedance VDHv_ = +1V, VpLv_ = -1V (Note 13) +0.5 ns
to Drive
Delay Match, High Impedance 413 ns
vs. Data
Propagathn Delay, Drive to Term, (Notes 3, 14) 17 o5 34 ns
Term to Drive
Delay Match, Drive to Term vs. VDHv_ = +3V, VpLv_ =0V, 105 ns
Term to Drive VpTv_ = +1.5V (Note 15) o
Delay Match, Term vs. Data +1.5 ns
+0.2Vp-p programmed, VpHv_ = +0.2V, 140
VpLv_ = 0V, 20% to 80% (Note 16)
+0.2Vp-p programmed, VpHv_ = +0.2V, 150
VpLV_ = 0V, 20% to 80% (Note 17)
+1Vp-p programmed, VDHV_ = +1V,
VpLv_ =0V, 10% to 90% (Notes 3, 16) 200 270 400
+1Vp-p programmed, VDHV_ = +1V, 350
VDLV_ = 0V, 10% to 90% (Note 17)
+1Vp-p programmed, VDHV_ = +1V,
VpLv_ =0V, 20% to 80% (Notes 3, 16) 140 190 275
+2Vp-p programmed, VDHY_ = +2V,
- 230 280 400
Rise and Fall Time VpLy_ = 0V, 20% to 80% (Notes 3, 16) ps
+2Vp-p programmed, VDHv_ = +2V, 280
VpLv_ = 0V, 20% to 80% (Note 17)
+3Vp-p programmed, VDHV_ = +3V,
VbLv_ = 0V, 10% to 90% trim condition 450 550 800
(Note 16)
+3Vp-p programmed, VDHv_ = +3V, 600
VpLv_ = 0V, 10% to 90% (Note 17)
+5Vp-p programmed, VDHV_ = +5V,
VpLy_ = 0V, 10% to 90% (Notes 3, 16) 650 850 1050
+5Vp-p programmed, VDHY_ = +5V, 910
VpLv_ = 0V, 10% to 90% (Note 17)
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ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy = -2.7V, Vcomyv_ = +2.5V, VLDHV_ = 0V, VLDLv_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
+0.2Vp-p programmed, VDpHy_ = +0.2V, +20
VpLv_ =0V, 20% to 80% B
+1Vp-p programmed, VDHV_ = +1V, +30 +55
VpLv_ = 0V, 10% to 90%
Rise and Fall Time Matching +2Vp-p programmed, VDHV_ = +2V, +05 +50 oS
(Note 16) VpLv_ =0V, 20% to 80%
+3Vp-p programmed, VpHv_ = 3V,
VDLV_ = 0V, 10% to 90% =40 +100
+5Vp-p programmed, VDHV_ = +5V, +30
VpLv_ = 0V, 10% to 90% =
SC1=0,SC0 =1, VpHv_ = +3V, 75
VbLv_ =0V, 20% to 80%
Slew Rate, Relative to SC1 = SCO SC1=1,8SC0 =0, VDHV_ = +3V, 50 o
=0 VDLV_ = 0V, 20% to 80% °
SC1=1,SC0 =1, VpHy_ = +3V, o5
VbLv_ = 0V, 20% to 80%
+0.2Vp-p programmed, VpHv_ = +0.2V, 400
VpLv_ = 0V (Note 18)
+1Vp-p programmed, VDHV_ = +1V,
VbLv_ = 0V (Notes 3, 18) 475 610
+1Vp-p programmed, VDHV_ = +1V,

o ) N VbLv_ = 0V; output reaches at least 90% of 390 525
Minimum Pulse Width (Positive or its nominal DC output level (Note 3) ps
Negative)

+2Vp-p programmed, VDHV_ = +2V,

VbLv_ = 0V (Notes 3, 18) 665 833
+3Vp-p programmed, VDHV_ = +3V,

VbLv_ = 0V (Notes 3, 18) 800 1000
+5Vp-p programmed, VDHV_ = +5V, 1300

VbLv_ = 0V (Note 18)
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ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

+0.2Vp-p programmed, VpHy_ = +0.2V,
VpLv_ = 0V (Note 19)

+1Vp-p programmed, VDHY_ = +1V,
VpLv_ = 0V (Notes 3, 19)

2500

1650 2100

+1Vp-p programmed, VDHY_ = +1V,
VpLv_ = 0V; output reaches at least 90% of 1750 2570

Data Rate its nominal DC output level (Note 3) Mbps
+2Vp-p programmed, VDHY_ = +2V, 1200
VpLv_ = 0V (Notes 3, 19)
+3Vp-p programmed, VDHv_ = +3V, 1000
VpLv_ = 0V (Notes 3, 19)
+5Vp-p programmed, VDHV_ = +5V, 900
VpLv_ = 0V (Note 19)
VbHv_ = +3V, VpLv_ =0V, VpTv_ = +1.5V;
Rise and Fall Time, Drive to Term measured 10% to 90% of waveform 250 700 1300 ps
(Note 20)
VbHv_ = +3V, VpLv_ =0V, VpTVv_ = +1.5V;
Rise and Fall Time, Term to Drive measured 10% to 90% of waveform 400 550 800 ps
(Note 20)
COMPARATOR
COMPARATOR DC CHARACTERISTICS (Note 21)
Input-Voltage Range 2.2 +6.2 vV
Differential Input Voltage VDuT_ - VCH_, VDUT_ - VCL_ +8.4 Y
Input Offset Voltage Vput_ = +2V (Note 22) +1 +5 mV
Input-Voltage Temperature o
Coefficient (Notes 22, 23) +50 pv/eC
Common-Mode Rejection CMRR | VpuT_=-2V, +6V (Notes 22, 24) 45 50 dB
-0.5V to +4.5V, Vput_ = -0.5V to +4.5V
+1 +5

(Notes 22, 25)

-1.75V to +5.125V, VpuT_-1.75V to 5.125V

) . (Notes 22, 25)
Linearity Error mV
-2V to +6V, VpuTt_ = -2V, +6V

(Notes 22, 25) 2 +10
Full range, VDuT_ =-2.2V, +6.2V v
(Notes 22, 25) -
Power-Supply Rejection PSRR | VpuTt_=-2Vand +6V (Notes 22, 26) 45 50 dB

8 MAXI N
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ELECTRICAL CHARACTERISTICS (continued)
(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy = -2.7V, Vcomyv_ = +2.5V, VLDHV_ = 0V, VLDLv_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =

+40°C and +100°C, unless otherwise noted.)

Tracking (Note 3)

< Vex < 900mV window (Note 36)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
HYST2 = 0, HYST1 =0, HYSTO = 0 0
HYST2 = 0, HYST1 = 0, HYSTO = 1 2
HYST2 = 0, HYST1 = 1, HYSTO = 0 4
Hyst ) HYST2 = 0, HYST1 = 1, HYSTO = 1 6 -y
steresis
Y HYST2 = 1, HYST1 = 0, HYSTO = 0 8
HYST2 = 1, HYST1 = 0, HYSTO = 1 10
HYST2 = 1, HYST1 = 1, HYSTO = 0 12
HYST2 = 1, HYST1 = 1, HYSTO = 1 15
COMPARATOR AC CHARACTERISTICS (Notes 21, 27, 28, 29)
Effective Comparator Bandwidth, (Notes 3, 30) 1.85 3.2 GHy
Term Mode (Note 31) 2.3
Effective Comparator Bandwidth, (Note 30) 620 MHz
High-Impedance Mode (Note 32) 620
Minimum Pulse Width (Notes 3, 33) 0.5 0.65 ns
Propagation Delay 0.5 0.9 1.5 ns
Propalg.ahon Delay Temperature 5 1 ps/°C
Coefficient
Propagation Delay Match, Absolute value of delta for each comparator +10 +60 S
High/Low vs. Low/High (Note 3) - - P
PROPAGATION DELAY DISPERSIONS
Propagation Delay Dispersion vs. _
Common-Mode Input Vcm = -1.9V to +5.9V (Notes 3, 34) +40 +55 ps
v SomV Vcx = +0.5V to +40
Propagation Delay Dispersion vs. 0D =S0mV'to +0.95V a
Overdri +0.5V, Vput_=0to ps
verdrive 1V, 2nsV Vox = +0.5V to 440
+0.05V -
Propagation Delay Dispersion vs. 0.6ns to 24.4ns pulse width, relative to w05 40 S
Duty Cycle (Note 3) 12.5ns pulse width (Note 35) - B P
Propagation Delay Dispersion vs. )
Slew Rate (Note 3) 1V/ns to 6V/ns, relative to 3.5V/ns +30 +40 ps
Driver in term mode, peak-to-peak within 50 80
100mV < Vcx < 900mV window (Note 36)
Waveform Tracking (Note 3) — — ps
Driver in term mode, peak-to-peak within 80 130
50mV < Vcx < 950mV window (Note 36)
High-Impedance Waveform Driver in high-Z, peak-to-peak within 100mV 150 200 os

MAXIN

0006 I XVIN



MAX19000

InNhveyy—AgTr17IVDCL

ELECTRICAL CHARACTERISTICS (continued)
(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy = -2.7V, Vcomv_ = +2.5V, VLDHV_ = 0V, VLDLV_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = OV, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDbGs = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
+1V swing, rise/fall time = 300ps, 0
Cable-Droop Compensation CDRP_S = 000 o
Range, Fast Time Constant +1V swing, rise/fall time = 300ps, o0
CDRP_S =111
+1V swing, rise/fall time = 300ps, 0
Cable-Droop Compensation CDRP_L =000 o
Range, Slow Time Constant +1V swing, rise/fall time = 300ps, 0
CDRP_L = 111
Comparator Cable-Droop
Compensation, Short Time 80 ps
Constant
Comparator Cable-Droop
Compensation, Long Time 1.3 ns
Constant
Input Slew Rate with Cable :
Compensation Enabled VouT_ = 0to 1V (Note 31) 6.0 Vins
LOGIC OUTPUTS CH_, NCH_, CL_, NCL_ (Note 37)

Termination Voltage CTV_ External termination voltage (Note 38) 0 1.2 3.5 \
CTV_ Current Without external 50Q resistors 48 56 mA
, , . vVerv.  Verv. ety
Output High Voltage With external 50Q resistors 04 2002 +005 \
Output Low Voltage With external 50Q resistors Venvo - verv_ VeTv_ \

-0.45 -0.3 -0.25
Output-Voltage Swing With external 50Q resistors 250 300 350 mV
o . CTVO0 to CHO, NCHO, CLO, NCLO;
Output Termination Resistor CTVA to CH1. NCH1, CL1. NCL1 47 53 Q
Differential Rise Time 10% to 90% (Note 3) 210 400 ps
Differential Fall Time 10% to 90% (Note 3) 210 400 ps
DYNAMIC CLAMPS (always and only enabled in driver high-impedance mode)
IDUT_=-1mA, VcpHV_ = -0.9V and +6.3V,
i - - -0.8 6.2 \Y
Functional Clamp Range, VCPHV_ VepLY. = -2V
. IDUT_= 1mA, VcpLy_ =-2.3V and +4.9V,
Functional Clamp Range, VcPLV VCPHY. = +6V 2.2 4.8 Y
10 AKX
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ELECTRICAL CHARACTERISTICS (continued)

(Vce = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VpTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy = -2.7V, Vcomv_ = +2.5V, VLDHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

0006 I XVIN

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Maximum Programmable VCPHV_ IDUT_ = OmA (Note 39) 6.7 7.0 \
Minimum Programmable VcpLy_ IDUT_ = OmA (Note 39) -3.0 2.7 Vv

IDUT_=-1mA, VCPHV_ = +2V,
+10
VepLy_ = -2V
Offset Voltage mV
IDUT_ = 1TmA, VCPLV_ = +2V, +10
VCPHV_ = +6V B
ICLAMP = -1TmA,
VCPHV_ = +2V, 40
Vce and VEE VCPLY._ = -2V
Power-Supply Rejection independently varied dB
over their full range | ICLAMP = TmA,
VePLY_ = +2V, 40
VCPHV_ = +6V
High Clamp Voltage Gain VepPHY_ = -0.5V, +5.75V, Iput_=-1mA 0.998 1.002 VIV
Low Clamp Voltage Gain VepLy_ =-1.75V, +4.5V, IpuT_=-1mA 0.998 1.002 VIV
Output Temperature Coefficient (Notes 3, 40) L5 +750 WV/C
VCPHV_, VCPLV_
| =-1mA, V =-0.8Vto +6V +30
Linearity, Relative to End Points DUT_ CPHV, i = mV
IDUT_= 1mA, VcpLv_ = -2V to +4.8V +30
VepHY_ = 0V, VopLY_ = -2V, ) )
. RL =0Q to +6V 120 60
Static Output Current mA
VCPLV_ = +5V, VCPHY_ = +6V, 60 120
RL =0Qto -2V
) IDUT_=-5mA and -15mA,
DC Impedance, High Clam - 48 56 Q
P 9 P VePHY_ = +3V, VepLy_ = 0V
IDUT_=5mA and 15mA,
DC Impedance, Low Clam - 48 56 Q
P w P VCPHV_ = +3V, VcpLv_ = 0V
DC Impedance Variation, High IDUT_ = -20mA and -30mA, 45 o
Clamp VcpHY_ = +2.5V, VecpLy_ = -2V (Note 41) -
DC Impedance Variation, Low IDUT_ = 20mA and 30mA, 5 Q
Clamp VepLy_ = +2.5V, VcpHY_ = +6V (Note 41) -
Ripple (Note 42) 50 mV
ACTIVE LOAD
DC ELECTRICAL CHARACTERISTICS (Vcomv_ = +2V, VLDHV_ = VLDLV_ = +5.5V, unless otherwise noted)
COMV_ Voltage Range | Vcomy._ | -2 +6 V

y." W/ 4V, 11
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ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
COMV_ Offset Voltage Vcomvos | Iput_ =0, Vcomy_ = +2V +5 mV
Differential Voltage Range VDUT_ - VCOMV_ +8 V
COMV_ Temperature Coefficient (Notes 3, 40) +100 +750 pv/eC
COMV_ Voltage Gain Av Vcomv_ = +0.125V and +3.875V 0.998 1.002 VIV
COMV_ Linearity Error Vcomy = -2V to +6V, relative to end points +3 +15 mV
COMV_ Ogtpgt-VoItage Power- PSRRCOM Vcc and VEE independently varied over full 40 aB
Supply Rejection Ratio range
ISRC = ISNK = 20mA, VDUT_ = +2.5V, +6V
with Vcomv_ = -2V or VpuTt_ = -2V, +1.5V 30
Output Resistance, Sink or Ro with Veomv_ = +6V kQ
Source ISRC = ISNK = 1MA, VDUT_ = +2.5V, +6V
with Vcomv_ = -2V or VpuTt_ = -2V, +1.5V 500
with Vcomy_ = +6V
) ) ) IDUT_ = £14.25mA, ISRC = ISNK = 15mA,
Output Resistance, Linear Region Ro VoOMY._ = +1.5V (Note 43) 22 27 Q
ISRC = ISNK = 15mA, 80% commutation 450
Dead Band mV
ISRC = ISNK = 15mA, 95% ISRC t0 95% ISNK 625 700
SOURCE CURRENT (Vput_=-1.5V, Vcomv_ = +5.5V, VLpLvV_=-0.5V, VLDHV_= +5.5V, unless otherwise noted)
Source Current Output Range ISRC VLDHV_ = 0to +6V 0 20 mA
Source Current Offset ISRC = TMA -20 +20 HA
(Sgr:ce Current Programrming ISRC = TmA, 18mA 3326 3333 334 | mAN
Source Current Temperature _ o
Coefficient ISRC = 10mA 10 WAC
Source Current Power-Supply Vcce and VEE independently varied over full 90 AN
Rejection range B H
ISRC = 0.33mA, TmA, 5mA, 10mA, 18mA,
Source Current Linearity and 20mA relative to 2-point calibration at +60 HA
1mA and 18mA
SINK CURRENT (VpuTt_ = +5.5V, Vcomv_ =-1.5V, VLpHV_=-0.5V, VLDLV = +5.5V, unless otherwise noted)
Sink Current Output Range ISNK ViDLY_ = 0to +6V 0 20 mA
Sink Current Offset ISNK = TmA -20 +20 pA
12 MAXIMV
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ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Sink Current Programming Gain ISNK = TmA, 18mA 3.326  3.333 3.34 mA/NV
Sink Current Temperature B o
Coefficient ISNK = 10mA 10 WASC
Sink Current Power-Supply Vcc and VEE independently varied over full

o . +60 AN
Rejection Ratio range
ISNK = 0.33mA, TmA, 5mA, 10mA, 18mA,

Sink Linearity and 20mA relative to 2-point calibration at +60 pA

1mA and 18mA

AC ELECTRICAL CHARACTERISTICS (ZL = 50Q to GND, VLpHv_ = VLDLV_ = +6V, TMSEL = LDDIS = LDCAL = 0)

Transition Time to/from Inhibit Measured from 50% crossing of RCV_ to

through RCV_ Input (from Load 10% level of output waveform; 2.5 ns
to Drive) Vcomyv_ =-1.5V and +1.5V

Transition Time to/from Inhibit Measured from 50% crossing of RCV_ to

through RCV_ Input (from Drive 10% level of output waveform; 4.5 ns
to Load) Vcomy_ =-1.5V and +1.5V

Spike During Enable/Disable Time 50Q load to ground, ISRC = ISNK = 20mA, 200 300 mv
(Note 3) Vcomy_ = 0V

TEMPERATURE MONITOR

Nominal Voltage Ty = +70°C, RL > 10MQ 3.43 Vv

Ty = +125°C, RL > 10MQ,

Nominal Voltage Variation one standard deviation +50 mV
Temperature Coefficient 10 mV/°C
Output Resistance 22 kQ
TEMPERATURE COMPARATOR/ALARM

Comparator Hysteresis 0 °C
Alarm Threshold 125 °C
TEMP Leakage Current, Disabled tTeSs,:ilgijzi ;F%;C:SQABZ\} =1 1 pA
Temperature Alarm Accuracy +5 °C
DIGITAL I/O

DIFFERENTIAL CONTROL INPUTS (DATA_, NDATA_, RCV_, NRCV )

Input High Voltage VIH Functional test +0.2 3.5 \
Input Low Voltage ViL Functional test -0.2 3.1 \
Differential Input Voltage Functional test +0.15 +1.0 Vv

y." W/ 4V, 13
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ELECTRICAL CHARACTERISTICS (continued)

(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLv_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Differential Termination Differential termination between DATA_/
. NDATA_ and RCV_/NRCV_; 96 104 Q
Resistance
tested at £4mA
SINGLE-ENDED INPUTS (CS, SCLK, DIN, RST, LOAD, LLEAKP_)
. 2/3
Input High V \Y
putria (VDD) Pb
1/3
Input Lo -0.1 Vv
put Low (VDD)
Input Bias Current +25 pA
SINGLE-ENDED OUTPUT (DOUT)
. _ VbD VDD
High Output VOoH loH = 25pA -015 401 \
Low Output VoL oL = - 25pA VDGND VDGND Vv
-0.01 +0.15
SINGLE-ENDED OPEN-COLLECTOR OUTPUTS (OVALARM, TALARM) (with external 1kQ to Vpp)
VDD VDD
Vvoc Voltage Range .03 £ 03 Y
Low Output VoL VDGND V\_/?C \
SERIAL-PORT TIMING
SCLK Frequency 50 MHz
SCLK Pulse-Width High tCH 10 ns
SCLK Pulse-Width Low tcL 10 ns
CS Low to SCLK High Setup tCSSo 4.25 ns
SCLK High to CS Low Hold tCSHO 4.25 ns
CS High to SCLK High Setup tCSS1 4.25 ns
SCLK High to CS High Hold tCSH1 4.25 ns
DIN to SCLK High Setup tDS 4.25 ns
DIN to SCLK High Hold tDH 4.25 ns
CS High Pulse Width tCSWH 40 ns
LOAD Low Pulse Width tLow 20 ns
RST Low Pulse Width tRST 20 ns
CS High to LOAD Low Hold tCSHLD 50 ns
SCLK to DOUT Delay tbo 62.4 ns
COMMON FUNCTIONS (Vcc = +9.25V, VEE = -5.25V, Vpp = +3.3V, unless otherwise noted)
Operating Voltage Range | | 2.2 +6.2 Vv

14 MAXI N
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ELECTRICAL CHARACTERISTICS (continued)

(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,
VepLy = -2.7V, Vcomyv_ = +2.5V, VLDHV_ = 0V, VLDLv_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDGS = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =

+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vput_ =0V, +1.5V, +3V +2
High-Impedance Leakage IDUT_ VcL_ = VcH_ = +6V, VpuTt_=-2V +3 pA
VcL_ = VcH_=-2V, VpuT_ = +6V +3
VpuT_ =0V, +1.5V, +3V, Ty < +90°C +10
Ve =VcH_ =6V, Vput_=-2V, +10
Low-Leakage Mode Iput_ | Ty <+90°C nA
Ve =VcH_=-2V, VpuT_ = +6V, +10
Ty < +90°C
) ) Driver in terminate mode (Note 3) 2.5 3
Combined Capacitance - —— pF
Driver in high-Z 5
Low-Leakage Enable Time TLEAKP_ low to IpuT_ specification 20 s
Low-Leakage Disable Time LLEAKP_ high to normal operation 20 s
Low-Leakage Spike Y =0V, ZL = 10MQII8pF ND
VDLV_/Leakgagjp ’ (l\[l)gt\é_S) oY 21 = ToNalEerio @ -200 +600 mv
Low-Leakage Spike, V =+2V, ZL = 1OMQII8pF ND
VDHVf/LeaSagep (I\El)c'jtZ_S) - Fortes -200 +350 mv
Low-Leakage Spike, High RL = 50Q to GND (Note 3) -125 +350 | mv
Impedance/Leakage
DUT_ OVERVOLTAGE ALARM
Maximum Programmable VCPH_ 6.7 7 V
Minimum Programmable VcpL_ -3 2.7 V
Voltage Accuracy VCPHv_=6.7V and VcpLy_=-2.7V 150 mV
Will-Operate Current +6 mA
Comparator Delay With 50mV overdrive on DUT_ signal 390 ns
Comparator Hysteresis 10 mV
POWER SUPPLIES
Positive Supply Vce 9 9.25 10 V
Negative Supply VEE -5.35 -5.25 -4.75 V
Logic Supply VDD 2.3 3.3 3.6 V
Positive Supply Icc (Note 44) 145 160 mA
Negative Supply IEE (Note 44) 235 260 mA
Logic Supply IDD (Note 44) 8 10 mA
Power Dissipation xgg - :géf/\,/io\;if dis:k')lz;g/' 133 147 | w/ch

MAXIN
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ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +9.25V, VEg =-5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDpTV_ = +1.5V, VCHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,

VCPLV_ =

HYST_ =

-2.7V, Vcomv_ = +2.5V, VLpHv_ = 0V, VLpLV_ = OV, VcTv_ = +1.2V, VDTV_ = VRTV_ = OV, CDRP_ = 000b, RO_ = 1100b,
000b, SC_ = 00b, VpbGs = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The

device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Vce = +9.25V, VEE = -5.25V, Vpp = +3.3V;
Power Dissipation, Load Enabled load enabled; ISRC = ISNK = 20mA; VCOMV_ 1.62 1.7 W/Ch
= +1.5V; VpuT_ held at OV by short to GND
ANALOG INPUTS (DUT_ GROUND SENSE)
Relative to GNDDAC_, under the full DAC 2250 250 my
range (Note 45)
Input Range VDGS , -
Relative to GNDDAC_, under the limited -750 +750 Ry
DAC range of -1.5V to +5.5V (Note 45)
Input Bias Current DGS =0V -10 +10 HA
Gain Levels output 0.98 1 1.02 VIV
2.5V REFERENCE
Nominal Voltage VREF 2.5 Vv
Input Bias Current -10 10 pA
LEVEL DACS
Settling Time Full scale transition to within 5mV 1 ys
Differential Nonlinearity (Tested at All levels not shown below; 1 LSB = 610pV +1 mV
Major Carries) VLDHV_, VLDLV_ +5 HA
Note 1: VpHv_, VDLV_, and VDTV_ levels are calibrated for gain at +0.125V and +3.875V and are calibrated for offset at +0.125V;

Note 2:
Note 3:

Note 4:
Note 5:

Note 6:

Note 7:

Note 8:

Note 9:

Note 10:

Note 11:
Note 12:

Note 13:

Note 14:

16

relative to straight line between +0.125V and +3.875V.

Change in level over operating range. Includes both gain and offset temperature effects. Simulated over entire operating
range. Verified at worst-case points, which are at the endpoints VpHy_ - VDLV_ > 200mV.

Guaranteed by design and characterization.

DATA_ = H, VDHV_ = +3V, VpLv_ = 0V, VDTV_ = +1.5V, louT = +30mA. Nominal target value is 48Q.

Resistance measurements are made using +2.5mA current changes in the loading instrument about the noted value.
Absolute value of the difference in measured resistance over the specified range is tested separately for each current
polarity. Test conditions are at IpuT_ = £1mA, £12mA, and +40mA, respectively.

Rise time of the differential inputs DATA_ and RCV_is 150ps (10% to 90%). SC1 = SCO = 0, 40MHz, unless otherwise noted.
Current supplied for a minimum of 10ns. Verified to be greater than or equal to the DC drive current by design and char-
acterization.

VpTv_ = +1V, Rs = 50Q. External signal driven into T-line to produce a 0 to +2V edge at the comparator input with a 250ps
rise time (10% to 90%). Measurement point is at comparator input.

Measured from the 90% point of the driver output (relative to its final value) to the waveform settling to within the specified
limit.

Propagation delays are measured from the crossing point of the differential input signals to the 50% point of expected
output swing.

Average of the two measurements for propagation delay, data to output (tLH and tHL).

Average of the four measurements in propagation delay, drive to high-Z, and high-Z to drive (tLz, tHz, tzL, tzH). Measured
from crossing point of RCV_/NRCV_ to 50% point of the output waveform.

Four measurements are made: VpHv_ to high-Z, VpLv_ to high-Z, high-Z to Vprv_, and high-Z to VpLv_ (tLz, tHz, tzL, tzH).
The worst-case difference is reported.

Average of the four measurements in propagation delay, drive to term, and term to drive (LT, tHT, tTL, tTH). Measured from
crossing point of RCV_/NRCV_ to 50% point of the output waveform.
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ELECTRICAL CHARACTERISTICS (continued)
(Vcec = +9.25V, VEg = -5.25V, Vpp = +3.3V, VpHv_ = +3V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHY_ = +6.7V,

VePLY_ =

-2.7V, Vcomv_ = +2.5V, VLDHV_ = 0V, VLDLV_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,

HYST_ = 000b, SC_ = 00b, VDbGs = VGND = VGNDDAC = 0V, specifications apply after calibration, level-setter errors included. The
device is tested at Ty = +70°C with an accuracy of +15°C; specification compliance with supply and temperature variations are
verified by guardbanding mean shifts of characterized data, unless otherwise noted. Temperature coefficients are measured at Ty =
+40°C and +100°C, unless otherwise noted.)

Note 15:
Note 16:
Note 17:
Note 18:
Note 19:

Note 20:

Note 21

Note 24:
Note 25:

Note 26:

Note 27:
Note 28:
Note 29:

Note 30:
Note 31:

Note 32:
Note 33:
Note 34:
Note 35:

Note 36:
Note 37:

Note 38

Note 40:

Note 41

Note 42:

Note 43:
Note 44:

Note 45:

Four measurements are made: VpHv_ to VDTV_, VDLV_ to VDTV_, VDTV_ to VDHV_, and VDTv_ to VDLV_ (ILT, tHT, tTL, tTH).
The worst-case difference is reported.

Cable-droop compensation disabled. Measured as close to DUT_ as possible using a high-bandwidth cable.
Cable-droop compensation enabled. Measured at the end of a 2m RG174 cable.

At this pulse width, the output reaches at least 95% of its nominal (DC) amplitude. The pulse width is measured at the
DATA_ (input) pins.

Maximum data rate in transitions/second. A waveform that reaches at least 95% of its programmed amplitude can be gen-
erated at one-half of this frequency.

This specification is indicative of switching speed from VpHyv_ or VpLv_ to VpTv_ and VpTv_ to VDHv_ or VpLV_ when
VpLv_< VDTV < VpHV_. If VDTV_< VpLv_ or VDTV_> VDHV_, the switching speed is degraded by roughly a factor of 3.

: Both high and low comparators are tested for all tests.
Note 22:
Note 23:

Measured by using a servo to locate comparator thresholds.

Change in offset at any voltage over operating range. Includes both gain (CMRR) and offset temperature effects. Simulated
over entire operating range. Verified at worst-case points, which are at the endpoints.

Change in offset voltage over input range.

VcHv_ and VcLv_ levels are calibrated for gain at +0.125V and +3.875V and are calibrated for offset at +2V. Relative to
straight line between +0.125V and +3.875V.

Change in offset voltage with power supplies independently varied over their full range. Both high and low comparators are tested.
All propagation delays are measured from the VpuUT_ crossing to the differential output crossing.

Characterization is done with 50Q to ground at the end of a transmission line with a round-trip delay greater than 4ns.
40MHz, 0 to +1V input to comparator, Vcx reference = +0.5V, 50% duty cycle, 250ps rise/fall time, Zs = 50Q, Driver in term
mode with VpTy_ = +0.5V, unless otherwise noted. Hysteresis is disabled.

Input rise/fall time = 150ps. Cable-droop compensation disabled.

Input rise/fall time = 150ps. Cable-droop compensation enabled. Signal applied at beginning of 2m RG174 cable with
compensation tuned for the cable.

Input rise/fall time = 150ps. Cable-droop compensation enabled. Signal applied at beginning of 2m RG174 cable with
compensation tuned for the cable. Tested with both +1V and +5V input swings.

At this pulse width, the output reaches at least 90% of its nominal peak-to-peak swing. The pulse width is measured at the
crossing points of the differential outputs. 250ps rise/fall time.

VDUT_ = 200mVp-p, rise/fall time = 150ps, overdrive = 100mV, VpTv_ = VCM.

Input rise/fall time = 250ps. Cable-droop compensation disabled.

Input to comparator is 40MHz at 0 to +1V, 50% duty cycle, 1ns rise/fall time.

Unless otherwise noted, comparator outputs are terminated with 50Q to +1.2V and CTV_ = +1.2V.

: The min/max value of CTV_ specifications are guaranteed by simulation.
Note 39:

This specification is implicitly tested by meeting the high-impedance leakage specification IpuT_ (VCcLV_ = VCHv_ = +6V,
VDUT_ = +2V), and IpuT_ (VCLV_ = VCHV_ = -2V, VDUT_ = +6V).

Change in level over operating range. Includes both gain and offset temperature effects. Simulated over entire operating
range. Verified at worst-case points.

: Resistance measurements are made using £2.5mA current changes in the loading instrument about the noted value Absolute

value of the difference in measured resistance over the specified range, tested separately for each current polarity.

Ripple in the DUT_ signal after one round-trip delay. Stimulus is 0 to +3V, +2.5V/ns square wave from far end of 3ns trans-
mission line with Rs = 25Q, clamps set to 0 and +3V.

Verified by dead-band test.

Typical values are at Vcc = +9.25V, VEE = -5.25V. Production tests are performed with worst-case supply conditions for
each specification. Supply conditions are either min Vcc and max VEE, or max Vcc and min VEE. Some tests may require
both conditions.

Increasing DGS beyond 0V requires a proportional increase in the minimum supply levels. Specified ranges for all levels
except VLDHV_, VLDLV_ are defined with respect to DGS.
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REBEE

(Vce = +9.25V, VEE = -5.25V, Vpp = +3.3V, VDHV_ = +3V, VDpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,

VCPLV_

-2.7V,Ncomv_ = +2.5V, VLDHV_ = 0V, VLpLV_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = OV, CDRP_ = 000b, RO_ = 1100b,

HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = 0, specifications apply after calibration, level-setter errors included, Ty =

+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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REBEFEES)

(Vce = +9.25V, VEE = -5.25V, Vpp = +3.3V, VDHV_ = +3V, VDpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
=-2.7V,Vcomv_ = +2.5V, VLpHv_ = 0V, VL pLV_ = 0V, VcTv_ = +1.2V, VDTV_ = VRTV_ = OV, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = 0, specifications apply after calibration, level-setter errors included, Ty =
+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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REBEREGFRS)
(Vce = +9.25V, VEE =-5.25V, Vpp = +3.3V, VpHV_ = 43V, VpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VLpHV_ = 0V, VLpLy_ = 0V, VcTv_ = +1.2V, VDpTv_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = O, specifications apply after calibration, level-setter errors included, Ty =

MAX19000

+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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REEREGERS)
(Vce = +9.25V, VEE = -5.25V, Vpp = +3.3V, VDHV_ = 43V, VDLvV_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy = -2.7V, Vcomv_ = +2.5V, VI pHv_ = 0V, Vi pLvV_ = 0V, VcTv_ = +1.2V, VDpTv_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = O, specifications apply after calibration, level-setter errors included, Ty =
+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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REMEREGRS)
(Vce = +9.25V, VEE = -5.25V, Vpp = +3.3V, VDHV_ = +3V, VDpLv_ =0V, VDTV_ = +1.5V, VCcHv_ = +2V, VcLv_ = +1V, VCPHV_ = +6.7V,
VepLy_ = -2.7V, Vcomv_ = +2.5V, VI pHv_ = 0V, ViDLV = 0V, VcTv_ = +1.2V, VpTv_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VpGs = VGND = VGNDDAC = 0, specifications apply after calibration, level-setter errors included, Ty =

MAX19000

+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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REBEFEGRT)

(Vce = +9.25V, VEE = -5.25V, VpD = +3.3V, VDHv_ = +3V, VpLv_ =0V, VpTV_ = +1.5V, VCHV_ = +2V, VCcLv_ = +1V, VCPHV_ = +6.7V,
VepLy. = -2.7V, Vcomv_ = +2.5V, VIpHyV_ = 0V, VL pLV_ = 0V, VcTv_ = +1.2V, VpTV_ = VRTV_ = 0V, CDRP_ = 000b, RO_ = 1100b,
HYST_ = 000b, SC_ = 00b, VDbGs = VGND = VGNDDAC = 0, specifications apply after calibration, level-setter errors included, Ty =
+70°C, temperature coefficients are measured at Ty = +40°C to +100°C, unless otherwise noted.)
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| | | L0AD =50€2 TO GND !
t=0.5ns/div

t=0.5ns/div

MAX19000 toc42
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EVEE
TOP VIEW 2 32 wg w22 wywh g e
S > 0 == =5 B 066 =2 === > 0> o
e o o] ] ] e ] fr o] [ o] ][] o] ]
Veg \ 32 Ve
CHO 31 CH1
NCHO [ 30 ] NCH1
CTVO 297 CcTvi
cLo 28] CLt
NCLO [ 27 ] NCL1
GND 26 ] GND
A’
RV MAX19000 S Rovi
NRCVO [ 23] NRCV1
DTVO b
DATAO [ (60 ] | 21 ] DATA1
NDATAQ | 20 ] NDATAT
LLEAKPO | 19 ] LLEAKPT
TALARM | 18] OVALARM
Vee (17 Vee
523EgkEr 85258588
= =
(&>} (4>}
TQFP
*EP = EXPOSED PAD ON PACKAGE TOP.
i F 85 AR
T £t 1 aE
1,16, 34, 37 =
44, 47 vce EDEIR
2,15, 26, 33, 5 e
40, 41, 48, 55 GND 7FAJIZUR
3 GNDDACO | F¥=1JL0O DACTZ 2 RAS
4 REF DAC 2.5V 77122 A}, REFISGNDDAC_ZEEICLTEHRELTLZE 0,
5 DGS DUTZ Z > Rt&H AT
6 RST TOTA47O—DI)TP)IVR—N )Y A
7 LOAD TOTA47O—DI)T)VR—O—RAA
8 CS TOTATO=DI)TIVR—MFYTELOMNAS
9 SCLK STIWR—boOv I AT
10 DIN SITIVIR—hT—5 AN
11 DoOUT SITIVIR— T —5HAH
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i F SR A (R E)
T e tHae
12 DGND TAOTINIT SR
13 Vpp Oy U8R
14 GNDDAC1 | F¥3JL1 DACTIZ > RAS
17, 32, 36,
38, 43, 45, VEE BDER
49, 64
18 OVALARM | BEBET7Z—LAESH
19 LLEAKP1 | 7274 70—DF v IV IR —IHIEHAS
20 NDATA1 Fr IV HEET—FAD
21 DATA1 Fr I TF—5 AP
22 DTV1 F RN F—FRIREEAN
23 NRCV1 F IV ZERBAN
24 RCV1 FrRIIZEASD
25 RTV1 F 1)1 ZERIGEEAS
27 NCL1 FroR 1 O—d/ L —ZEmEEAD
28 CL1 Fr 10—/ \L—FHH
29 CTV1 FRI1 AL —FIRIBEEFEAN
30 NCH1 Fr IV TS L—SHEE D
31 CH1 FrRINNAAINL—FHD
35 DUTA F2ILTAD/EH
39 N.C. EFRE L, MEBCERINTIE A, REHICTDN. GNDICHEHRL TS0,
42 TEMP BEE Y -1
46 DUTO FRIVOAS/HS
50 CHO FHRIONA AL —F S
51 NCHO F+=)O0NA DL —5BEE D
52 CTVO F R0/ L —F i
53 CLO Fr)L0O0—a/SL—5HAhH
54 NCLO Fr)L0O—2/ L —5HERH D
56 RTVO F VO EHRIREE AL
57 RCVO F+ X)LOZFEAS
58 NRCVO F 2 IVOZEHEBAN
59 DTVO FH RO T—FEEBEAN
60 DATAO FH RO TF—F A
61 NDATAO | FrILOTF—51ERAS
62 TLEAKPO | 7074 70—0OF v ILOEK!)—IHIEHAS
63 TALARM | ‘BET7Z—LAHES
B Ep 177; R=ZR/ VYR, EPL;W%K?_*VEEL:;%@&’ *Lm F9, %%B?VEELCE%ﬁiéh\\
FIBHICLTLES Y EPAVEEICT T2 EREHRELTHERLENTLZS 0,
V.V 4V 25
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_ REF] | TEMP
GNDDAC_ FROM TALARM
—— EN_OV_ALARM é\ﬂgmﬁ E | oVALARM
SCDle CPHV_*
— SERIAL
LOAD INTERFACE ]
RST B
DOUT
CPLV_* NI/
. MAX19000
Ho - CHV_ |
NCH
= —U_ A\’L CDRP_L
CTV_ _J
— HYST_ COMPARATORS DROOP
j COMPENSATION
NCL_ ﬂ/,t
o= L - CHV_ | CDRP_S
Vee
Vbp
VEE
GND
TO OTHER [ DS |
DD CHANNEL
LDCAL
LLEAKP_ LOAD
® | CONTROL
LLEAKS LOGIC
RCV_
NRCV_ Ty >
RTV_ A
Eamm— ]
[ TMSEL |
DATA_ DRIVERS
NDATA_ CORP_L \
\/ v Ro
DTV_ 500
— DROOP _ DUT_
MUX COMPENSATION VMV
£250
DLV CDRP_S
“ 0GS
CLAMPS
ONE OF TWO CHANNELS SHOWN. SERIAL INTERFACE CONTROLS BOTH CHANNELS.
*SHARED VALUES * +
KEY: | DAC [ SERIALBITS |

M1, BEITOYIRECOOF v RIID—HEDHERLET, BE—DIITIVA I TIT—IATHEDF v 2RI EFHLET)
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30

MAX19000l3. 7a7ILF 3L, EVILONOZOR
DCLTHY. #MDOE T L VOO eeEE—DIC
ICERIELTNEY, FFvRILICDINT, ILRILDEY
RSA/N, D4 ROOAVINL—8, FA4F39005 2,
TOTATERE. BIUT0EDMIILEZ14EY L)L
REDACEHNELTIEY, T5IC.MAX19000D&F+
FE. RSANHAETISL—Y AHNBO OIS A
ARER T —TIVRIL—THE. FAEAERBRSA/\HD
. BEORZANDRI—L— AEEZHBATIVET,
MAX190000D RS/ 3. -2V~ +6VDIAL e R ENEEE .
INMAVE—F U ZET—RETOTA THIH(EE3L NI LERED)
E—RERATHY. BEEREICHWVTESNIZT7Y
T14HRLET, CORZANZ, FEAEOSRO YD
TJ7IVERBREDHDEREESHIHANZREBLET,
D4 ROOAVINL—=FI13. RIL—L—b. /XL RIE,
FIEFA—N=RZATEEDZLICTLT, FEEIC
INERIAIVTZEFHERBF LT CTV_ICEIINEN-ERE
[CARBRCTIRIHESN=E0QDY — B HhAEMELE T, /N1
AVE—F U RE—REEIRLIBEG. TOJSLHBER
ATV o050 THEREDUT_DRFEICH TS
E IR HBLET, 20mAD 7o T4 T EHIS. O2/N
L —5EHAEHETHER T EICEOTCERODEM R
NEGICHY, A—TURLA2/aL2%DUT_HAIC
{277y TELTEMEEL F 9, MAX19000D
DUT_HAHZEFEEICE)—IDIRREICTDE. DCLOEAE
ETrE—TIbanEd, ZOMEEIT. HAYIKIL —%
WEEHETIZIDDQAEZTOBAICEFN T, |K—2
NI F v EITIIILTINE T, SPM™MItSD 7L
A TI—ZENEATICEDTMAXT19000DEEE %A
TOZENTEZET,

HNEPEE—F®Di#ER

MAX19000ICI3. 7074 T ER—ID2DDEEE—R
&) &9, MAX190001d. LLEAKP_A'O — [CBR &)
ENBEEIILLEAKSE Y M1 AR E SNBSS
B)—OF—RICBITLEY, LLEAKP_ZOICEREI T &
ESICDCLAYE! ) — 218 H s nE 9,

2U7IVEYMLLEAKS = 1ZER L TRODCLEIEE Y
EEBRICDCLZBHMITE ) —IE—RIBITIED
ZENTEEY, DCLOMDE—FEHBEICTDIHICIT
LLEAKSZOICEREN g2 BN BT (R 1),

N2 PAN

RN 3TBEDDACEE(VpHy « Vprv « F7cld
VoV )W S1 DZEEIRT DI, Fcld/NAA2E—F R
E—RZEBIRITD=HIC. BRVILFILOTEFERL

SPllEZMotorola, Inc. DEIETT,

MAXIN

9, VILFTLOTDUNEX IS, SRESHASIDATA /
NDATA_&RCV_/NRCV_BEUE—REHE Y NTMSEL
ICEOTHIEIINE T (R28MR), VILFTLoTDENIL.
Ny D7 N LTCDUT_ZEREILEY, TOTSLARER
2 —L—bMERT, /Ny T7HADZIL—L—ZHfH
LEY,

INAAE—FVRE—RTIE. 95T —%
ISDUT IS Ni=FETHY. DUT_D/NA1 7 XER
IZ£2uALAT T, /—RISBRESDEM AL E T,
K)—2F—RTlE. DUT_ D/INA T RERITESSITEA
LT=10nALATRIZEY, EEDBHAERICKYET,
RSANHADBRDAMHEIZS0QTHY. PUTILA
TI—RIZEB360mOARTY TD+2.5QDRREGEH%
BATLET,

RSANDR IV —L — Ml
ZI—L—hrEIE&IE/ Ny T 7 HADDRI— L —hZHE L
F9, R3IICMEOT. FTRERARBBEORIL—L—FD1D%
BIRLTLES L ABVILFILOYDREICEDT
100%DRZA/NZIN—L—hhVRFUE T ([IRESE
%] DIED [Driver Large-Signal Response (RZA1/3MD
REBICE)IDITZT7%25H), SC1ESCOICITRENEF
F7=IIRSTA O—I3EFI SNz EZICONBRESINE T,
%1. DCLOE—F3IM

LLEAKP_ | LLEAKS | DRIVER COMP LOAD
0 0 Low Low Low
leakage leakage leakage
0 ’ Low Low Low
leakage leakage leakage
1 0 Active Active Active
’ ’ Low Low Low
leakage leakage leakage

R2. FSANDHERE

TMSEL RCV_ DATA _ DRIVER OUTPUT
X 0 0 Drive to VDLV_
X 0 1 Drive to VDHV_
0 1 X High-Z receive
1 1 X Drive to VDTV_
X = I8
3. KSANDRI—L — I
SC1 SCO DRIVER SLEW RATE (%)
0 0 100
0 1 75
1 0 50
1 1 25
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MAX19000

InNhveyy—AgTr17IVDCL

RSANDTr—TILRIV—THIE
RSANS. TOTSLREERTITATr—TIVRIL—"
HWEZNBELTCVEY, SAKTIE. TRYESDE R
FEER(PCBRL—2. %%, BLUMAX19000MDUT_
HAERBHR T/ NA ZRBIEREDBDT — 7)) DIREIREE
S EICELO>TDUTICHITDENIREDEBERENET
LT, KBICEIEFIIFERICHAELMESICKEDHEEMNE
b xd, MERLII. BEOHEIBRIC2DDEESR
ICEDRERFEZMADEICEDTIDHBbZER LT
(TVII77R), R2IIIEHER RS/ YEMAXT19000
DHEBAEXRLIZEDT. RIL—THIEBICEOTESDLEN
$H RENDEFZRLTIVEY, DCL calibrationL X%
. BEDEERTEID-OOEREMFMHE Y b EEIF
E%&%Uﬁﬂt YA B FE T, HlEE Y SNCDRP_[2:0]A%
HWEESOREBEEZZLIETEI, R4, FIHEVRD
BECHEDOESOBRERLEY, NT—F2UYE
(POR) &L URSTED T 77 )L MEIZO00T, MELEOIC
TET,

SABATRER R SA/\HDA 2 E—F 2 Z(ARp)
MAX19000D RS A /\HAHA > E—F 2 ZId. 360mQ
27w 7 T+2.5QICAEAAEETY, DCL calibrationl-<
AZDROEYNTA VE—F 2 BEERELFE T, ROIC.
HAEMOBEO Y oERLE T, BERFEIFRSTA

O—(l@HlInizEE BHEMITRo + 0.0Q (0b1000)
ICERESNE T,

RSANDEREVS VT
BEIVZTUNAMBLOO-)ICELDOTDUT_DEEA
FFR SN, Fr R E/NAA 2 E—=F 2D 2—/NELT
BRLUEBEOREI SIS NEY, 750713, KER
INY TP DEDEBFR SN F—RELTIRDENET
(1)0 Wgﬁ@ﬁgb” mA75/7°EEM|b JsHé@/ﬁf N
BrEmELEd, Vo7 TEEIILNILEZEDAC (CPHV_
BELUCPLV)ZERBLTCHRELE T, RoM/\DoZ 0~
3. RSANDBNAAVE—F 2 XE—RDBEICDH
Ax—=TIEINEd, BEZMFTDEHIC. FRIND
DUT_DEF#HEDR/IMEERABIZIFIZF—EHTDLDIC
ISV TEREERELTCLES D, BERIT Y TEEL
FPIVT—23 v IlED>TRELE DO, BREBHNISRETD
WENBHIET, 0T TaFERLEIMESIS. FEIND
DUT_DEEEHEDDELEE+0.7TVHMAIIC OS> TEE
HZERELTLLES L, INICKDT DUT ICETENTD
ZERBLSBEBEREDEEZMIFIDIENTELT,

=EIVNL—%
MAX1900013 & F+ )VABIC2EDMIILI-5EI /N

L—5%&mACTWET, A/ —2IF. —BDAAN
WERTDUT_ICHHR =N, A DANHCHV_&7zlFCLV_IC

28

BN THEIT(R3I), mADFrRILAT—TILR
IW—THEERBATCHET, NSO /IL—5I3. &%
Do RoaAVNNL—FELTEIELEY, A/ \L—F
DZLwallRid. DACEECHV_HBXUVCLV_IZLDT
HELEd, ROIC. IVNNL—YDEEBEREZRLFET,
3. ANL—yD7OvoIRERLET,

ZDERTIE A 2mMADERY —ZAH2DDHE BT A Y
Frdan, ENFNOHAIICTV_ICER S N/-AEE
BisENEZwmACULEY, CNoDERITBEEISS0QTT,
IR AEREBABNENDRET, MOBREER
LTELDIRBA VE—Y A ERIFTDIENTEET,
COEMEICE OTCEBERBREERESNDZEITERLT
Iz, HART00QDEEAEKRIEES0QD —X

x4, RSaNnEAVNL—5DTr—TIVR
I—THEOFHHO Y

CDRP_0

DROOP
COMPENSATION (%)

0

CDRP_2 | CDRP_1

3
6
9

11

14

17

alalalajlololo|lo
ala|lolo|l=w|wlo|lo
< |1O|=2|O|=+|O|= (O

20

R5. FSANDTFIVIRoHIfH

DRIVER OUTPUT
RESISTANCE (Q)

X
o
@
X
o
N
X
o
—
X
o
=}

RO -2.88

RO - 2.52

RO -2.16

RO -1.80

RO -1.44

RO -1.08

RO -0.72

RO -0.36

RO + 0.0

RO + 0.36

RO + 0.72

RO + 1.08
RO + 1.44
RO + 1.80
RO +2.16

|22 |22 2|22 O|O|O|O|O|O|O|O

alajala|lo|lo|lojo|w|m|=|=|lo|lo|o|o
s |ajo|lo|na|=|ojlo|=w|m|olo|=|=|o]|o
s lo|=|lo|n|o|=|lo|=x|o|=|o|=|o|=|o

RO + 2.52
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TRANSMISSION LOSS

TYPICAL
DRIVER

DUt

: i

AKX
_C DRP_L
MAX19000

MUX

BUFFER

TRANSMISSION
LOSS

WAVEFORM
SHAPING

I,

DuT

TRANSMISSION
LOSS

TRANSMISSION LOSS TYPICAL

COMPARATOR

DuT

l

i INPUT

N

AKX

MAX19000

BUFFER

DuUT

-

(0

WAVEFORM
SHAPING

COMPARATOR
INPUT

-

— 3

NOTE: THE MAXIMUM AC SWING WHILE MAINTAINING LINEAR COMPENSATION OF DRIVER CABLE DROOP IS 4.4Vp-p.
THE MAXIMUM AC SWING WHILE MAINTAINING LINEAR COMPENSATION OF COMPARATOR CABLE DROQP IS 3Vp-p.

®2. RS /N/AV/ISL—5D5—T)L RIL—THE

®6. AVNL—5DERER

R7. ANL—=5DERTVIZHH

MAXIN

CONDITION CH_ CL_ COMPARATOR
VDUT_ < VCHV_ VDUT_ < VCLV_ 0 0 HYST2 | HYSTH HYSTO HYSTERESIS (mV)
VDUT_ < VCHV_ VDUT_ > VCLV_ 0 1 0 0 0 0
VDUT_ > VCHV_ VDUT__ < VCLV_ 1 0 0 0 1 2
VDUT_ > VCHV_ VDUT__ > VCLV_ 1 1 0 1 0 4
0 1 1 6
1 0 0 8
1 0 1 10
1 1 0 12
1 1 1 15
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MAX19000
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g
CHO =
NCHO ——@ q
A A A +
B CHANNEL 0 CABLE-DROOP |
CTvo COMPARATORS COMPENSATION ouTo
+
oo .
NCLO 4 7
5004 —<cwo] 4.[. L LLEAPD
500 x4 CHV1 |
CHI e
T .
AAA
| CHANNEL 1 CABLE-DROOP |
cmvi COMPARATORS COMPENSATION ou
o .
1T
NCL1 q
CLV1 |
— LLEAKPT
M AXIL
[ leakst |
MAX19000
X3. mEIV/NL—5DTOYIH
BimERRIICAM300mVppDikEZREL &9, Vou POTATER

BEDEEICDLTIE, [Electrical Characteristics
BESIMFM) ] DERD[Logic Outputs CH_, NCH_, CL_,
NCL_IDE/NSA—=FZSRRLTLZE 0,
ANL—5DERTIIR

DCLL PR TEERIAV/NL—YDERT ) 2 &ML
F9, ZOLREZDOHYST[2:0]1E Y hT8DDE(OMV.
2mV. 4mV. emV. 8mV. 10mV. 12mV. F7=d15mV)
DIDEERLFT,

REIFE/ZIIRSTH O—CEFHI ST N/=& =, HYST[2:0]
EwMMI0b000A EESINE T, K7ICHYST[2:0]E Y~
DHEEERLE Y,

AVNL—=5DT—TIVRIL—THE
AVINL—=5DT—TILRIL—T@EIE. R4/ DT —
TIVRI—THEEBRICEELE T, HBIZIRS1/\D
T—=JIVRI—THEIDEESBLTIEE 0,

30

TOTaA7amEI. VIPICTATSLTERERY —X
EDVD BRINY T BROTAAF—RT )Y TRER
INFEIT(R4), LNJLEREDAC LDHV_BKXOLDLV_(C
KT OB LVY —REBREOMA~20mAIZEREL
F9, LNJLEREDAC COMV_T. E#R/\wJ7DHNDEE
HERELET, V—REVIDBRIRHIIIMAX19000
HEEELLTHY. MAX19000 5 HBEBRAY —X
BER. MAX19000ICADERN DV IBRICIEIET,
Vput_ < Veomv DIB&E. 7OTZLENY —RBRA
HBURTNA IR ITDEMICBEIET, Vpur >
Veomv PIBE. TATZLSNL VOB RNHETR
TINA R TDEFKIET, BEOHIEIS. SREED
ABI(RCV_/NRCV ) EHEHT—RD3DDEY ~LDDIS,
LDCAL. BXUTMSEL)ICELD>THTLVEY, LLEAKP &
LLEAKSIZ. 8fF&l)—J0F—RNIRTeEE9, BU—2
DOFEIEIE. mOBIEICEEL I, RIZ. &l
A2y oD lERLE T,

MAXI N
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/NAXIN
MAX19000

DGS

LLEAKS
LLEAKP_

M4. 7oT7478R/mOTOY VR(1F v 2IL7)

&R8. PUT1TARDHIH

LOAD
RCV_ | TMSEL LDDIS LDCAL | LEAK* STATE
X X X X 1 Low
leakage
0 X 0 0 0 Off
X X 1 X 0 Off
1 1 0 0 0 Off
1 0 0 0 0 On
X X 0 1 0 On
==
*LEAK = LLEAKS + (LLEAKP.)

MAXIN
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BHEFvYTL—2av a4 x—TIL(LDCAL)

LDCALICE DT, BRiDEDHICBFERSANEFREIC
A %—TIVIBIENTEEY, LDDISIFLDCALLY £ 8%
LR

P FTI—R

MAX19000D ISP IS D )7 IVA 5 TT—AT
FWET, RBITRIZDIITIAEZTI—RIS. BB
50MHzD & 0 o RETEIfELT. CS. SCLK. DIN,
RST. LOAD. &LUDOUTEEAEZSATIEY, “UTIL
AVITI—ADIAIVITERBIIRLES, 1300
ARROFMICDUNTIE, [Electrical Characteristics] DR
ICERESNTINET,

MAX19000\DF—~ M O—R

CSH'O—mMEEIC, SCLKDILEW T TDIND 524
EVhDI TN DREICT—5EO—RLET(R5), 7R
L ZBXOF—5E Y N EMSBASLSBDIETA A LF T,
MAX19000(3. #EHBIOLNILERET—5 Hicontrol
B X Vlevel-settingL DR HZICT Y F SN ETERN
N F 9, controlB &L Vlevel-settingl P27 E S Tk
L&, inputs &K Uchannel-selectL X~ LD
TRToNTWWEd, TR F M ScontroldBS KT
level-settinglL XS \DT—FErixld. HAET1 I
ABLOADDKREICIE LT, 2D/ ETITOZEN
TEET,

CSOIL EW TV DBELOADE/N\A ICHEFE LT-18 51D,
DTN DRI DT —F Zinputd & Uchannel-select
LORIDAERRT DI ENTEE Y, F—HFZcontrol

RST
SCLK
DOUT
o SHIFT REGISTER
S
A[7:0] D[15:0]
8 16
1 v Y
ADDRESS DECODE/
CHANNEL SELECT/ o
LOAD CONTROL/ »| INPUT REGISTER
CALIBRATION
LOAD DCL CONTROL
REGISTER
 J *
TO LEVEL SETTERS, CALIBRATION, AND CONTROL CIRCUITS

5. SUTINAVETT—DTAY IR

32

H X Vlevel-settingl PR F IC8iX T B (13, LOAD%
O—(CEFLEY, ZEIFLOADDII T I Y TEH
INdiH. F—YDOT)O—-RHHAEETHY., EEHD
TINARIZhI=2BHDEEABBICKEIET,

CSOILEW TV MELOADAE O —IC#IF L I8 E 3.
inputds & Vchannel-selectL ¥ X & A& @ I (2 74 4,
INRTDT—IhINHDL IR5%EBL T controlBLV*
level-settingl P27 ICE#EREINE T, TEISCSD
SEJTYOTEHINET, K6&7IC. LOADECS?D
MIEDEHEAE, SCLK, DIN. BXUDOUTDF—%
Bl ZmxRLE Y, calibrationl 2413, LOADD I RE
ENFEBFEICCSOII LY Ty TEELF T,

DIPIVIR—bDIALZIT
SITIWR—MMEBDYAIVTERINERG, 7. HXU
BIIRLE Y,

$UPIA V5 IT—ZDOUT
DOUTE. SUPIAYETT—RDL TR SRS DR
DEY I/ TP LEEDTY, ROBABZHAZILOB
12, TR YRS DENEEDOUTA SHAHRDIEN
TEFT. WTNOLURTLEBETICT—5%ES TN
PUNTBICIE. PRLREYMAG = AB = A6 = 1&LT
BAZEEITUTEEL, DOUTABATEZ EIkoT,
WHOT /A ZDTA S—F T—2%, BEIOBAZTA
INTF—FHELL S TR Y ENTDES DD
ELIM-UES R

CSHO—MEEIC, SCLKDI EY Ty S TF—oh Tk
LIS T v ENE T, TR URSE24AE R
ETT,

TINA 2D

T—5 &R E I DcontrolB K Ullevel-settingl 2 X513,
FrRIBIOE—RNBIREY MA[7:ODICEDVTEIR
INF9, RKIBKXU10II. controlL PRYDEY MBXKV
HEEZRL Y, LNIVEREDACDH T —% H K Ucontrol
LORE5DT—513. 16EDT—5E Y ~D[15:0](Z1&#H
INFEd, RO, 10, BELOM1IZ. EV DAL EEES
RLET, RBICRTLDIC. EVNATZRAIC. EVE
DOZRZICOOYIALTLES 0,

xR9. JUPIA 2 I71—RFHEYH

DIN FUNCTION
A7 Calibration register write
AB* Broadcast enable

A[5:4] Channel address

A[3:0] Register address

D[15:0] Register data

*TO— RFP M 2—TILEY MMAB)E T — hLIBE(.
EvY MABAIDRELWEBESNET., EV MAGIC/N\1Z
HELLEEE, INTOF P RIVCERHDTONET,

MAXI N
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INPUT AND

CHANNEL
° REGISTERS
UPDATED

20 21 22 23

28 B

D3 D2 D1 DO

° LEVEL-SETTING AND /VU
CONTROL REGISTERS

UPDATED

6. EEHO— RO PIVR— b1 D

RST °

INPUT, CHANNEL,
LEVEL-SETTING, AND
CONTROL

° REGISTERS ALL
UPDATED

20 21 22 23

2B 8

D3 D2 D1 DO

X7. @EO— RIF(LOADZO—IFF) DU PIVR— b1 2200

MAXIN
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— oy -
SCLK

—> less0 e—

— o -

—>: <— tosst

— s e—

coo m

—> -— fpy
—»thd-v—

—» tRST 4—

'NONONENENENENE“@ eee 0 00@000“0“’

—> fesw -

LOAD

Xy ‘
tesHLD —> 4—

—» tLDW ><—

eee \_/7

§IDO<—

pout A7 LAST >< A6 LAST >< A5 LAST >< A4 LAST >< A3 LAST >< A2 LAST ® @ ® D1 LAST >< DO LAST >< A7

X8. 27 ILR— hDEMRY A I VTR

£ hA7IE. DACOcalibrationL P X ZND 7O X %
AEEICLZE Y, calibrationl P2 %3, ZDACDHFE
A7tV bDRERICHEALE T, calibrationL DX FZAD
ERFHEFTOBEIL. EVNATESRELTLEE 0, S5
ICDWTE, TR Yy —DACEFV ) TL—3>
TRLZIDIBESRL TS0,
LANIEYS—DACEF+ITL—23VPRLR
MAX19000(3. GEt20BMDDACERE L CTL\EFE T, 2F v
FILDOMAX19000D S X AHIH IS L UERLCIRAD
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#11. Controld & U'CalibrationL X5 DEYE

BITS FUNCTION
CDRP_ Driver and comparator cable-droop compensation
GCAL_ DAC gain calibration
EN_TEMP_ALARM Enable temperature alarm
EN_OV_ALARM Enable overvoltage alarm
HYST_ High-speed comparator hysteresis select
LDCAL Load calibration enable
LDDIS Load disable
LLEAKS DCL low-leakage enable
OCAL_ DAC offset calibration
RO_ Driver output-resistance select
SC_ Driver slew-rate control
TSMUXO Temperature sensor voltage-output control (see Table 14)
TMSEL Driver terminate select control

&12. DACO7FL A%

0006 I XVIN

DAC REGISTER CALIBRATION REGISTER
LEVEL LEVEL RESET
NAME | DESCRIPTION ADDRESS VALUE ADDRESS RESET VALUE
(Note 2)
CHoO CH1 | BOTH | (Note1) CHoO CH1 BOTH
VDHV_ Driver high 0x01 Ox11 0x41 0x1333 0x81 0x91 0xC1 0x2080
VDLV_ Driver low 0x02 0x12 0x42 0x1333 0x82 0x92 0xC2 0x2080
VDTV_ Driver term 0x03 0x13 0x43 0x1333 0x83 0x93 0xC3 0x2080
VCHV_ High comparator 0x04 Ox14 Ox44 0x1333 0x84 0x94 0xC4 0x2080
VCLV_ Low comparator 0x05 0x15 0x45 0x1333 0x85 0x95 0xC5 0x2080
High high-Z clamp,
VCPHV_ | high overvoltage 0x06 0x16 0x46 0x1333 0x86 0x96 0xC6 0x2080
detect
Low high-Z clamp,
VCPLV_ Low overvoltage 0x07 0x17 0x47 0x1333 0x87 0x97 0xC7 0x2080
detect
voomy_ | bead commutation | o 5e |45 | oxag | 0x1333 0x88 | 0x98 | o0xC8 0x2080
voltage
VLDHV_ 'gafr‘irf’tource 0x09 | 0x19 | Ox49 | O0x1333 0x89 | 0x99 | O0xCo9 0x2080
VLDLV_ Load sink current Ox0A Ox1A Ox4A 0x1333 Ox8A 0x9A OxCA 0x2080

E1: INSOMBIFPOREERIGRSTIHFD 7Y — MILo2TUEY hENZET,
21 TNHO@BIFPOREHCOA Y hEnEd, LIzA DT, calibrationL P2 5ZB7OJ5 LT 2REELICT/NA 2%
BEMORREICU Y T2 ENTESTT,

y." W/ 4V, 39




MAX19000

InNhveyy—AgTr17IVDCL

calibrationlL 2% 13, PORBSICDH T J#4 )L MEIC
JtvbhEnzxd, RSTA7H—k~LTHcalibrationl >
AT IAIVNMIEH LZ A

LRIVDIEIZRER

MAX19000M @< D7+ OJDACDHL NG, 14E Y~
DDACO—REE. MEBI—REE. BIUOATEVEL
O—RBREESALGEBRICEOTEREINE T, UT
DVpacDI A DACOEARMGZERBRHZRLTINET,
ZDACH' BRI DEBEEL HEHII-3V~+7V (typ) T,
No20@MDDACIEINTE—TH". LAFTDRIZHDT
BEXEERLEZT,

VCOM_ DACIASA DT NTDDAC :

VDAC = 4 x (DAC_code/16,384 x VREF) - 1) x (1 - VG/
VREF) x (0.98 + 0.02 x gain code/32) - 3V + (0.1 x off-
set_code/128 - 0.1) + VDGS + 1.2 x VG
ZZ T, Vg = VeNppac. - VDesT Yo

VCOM_ DAC :

VDAC = 4 x ((DAC_code/16,384 x VREF) - 1) x (1 - VG/
VREF) x (0.995 + 0.02 x gain code/32) - 3V + (0.1 x off-
set_code/128 - 0.1) + VDGS + 1.2 x VG

ZZC. Vg = VoNppac. - VDesT Yo

IRTODACT, # 7ty bDO—RIF0O~255DEEUE.
FMEI—RIIO~63NEIETT, A7y hEFEBOI—R
I$. calibrationL DRYDEBEICEDEFT(R13),

+2.BVOANE) T7 L ZERENHDE. DACDOLN)L
DBEICEELE Y, +2.5VD 77 AM1%DEEZES.
DACLNILDFEBDI1%DEREICKY) £9, MAX6225
BEDSBEDERX ) 77 VA ZHELEY, +2.5VD
AE T 7L ZE. GNDDAC #EEELTERTD
MWEHLBHYET, GNDTL —2 H 5MAX19000N D

®R13. LN EYSF—DEERE

LEVEL LEVEL-SETTER TRANSFER FUNCTION
VDHV_ DAC voltage x VpHv_ gain + VpHv_ offset
VDLV_ DAC voltage x VpLv_ gain + VpLv_ offset
VDTV_ DAC voltage x VDTv_ gain + VpTV_ offset
VCHV_ DAC voltage x VCHv_ gain + VcHy_ offset
VeLy_ DAC voltage x VcLv_ gain + VcLv_ offset
VCPHV_ DAC voltage x VcpHv_ gain + VcpHV_ offset
VCPLY_ DAC voltage x VcpLy_ gain + VcpLy_ offset
Vcomv_ | DAC voltage x Vcomv_ gain + Vcomy_ offset
VioHy * (DAC voltage - VDGS) x (20mA/6V) x VILDHV_
- gain + VLDHV_ offset
VDL * (DAC voltage - VDGS) x (20mA/6V) x VLDLV_
- gain + VipLv_ offset

*TOKWUNE EVLDHV_tVLDLV_O) LIS TONE T,

40

GND#E#ICISTERBNBETY, T/ ZANDE<DGND
EHICIS, RELERMANT T, BE. GNDIIT/ MR
IS LTHOOOMAZY —A L. COERERISAEIEAC
B EHDEREMNHUE T, +2.5VIT7LVREBLV
FTARTDOMAXT9000F Y 71539 2GNDDAC_DIE#EIC
DW\TH, BEEICEEIDVENHUE T, GNDDAC_&
DCSHOEZERY —Hifilc LTL/EE Y VGIdGNDDAC_
- DGSIZE L L. DACLNIVDBREDRAICE DIz,
GNDDAC_&EDGSOEDEEDEISTR/NRICH Z T
S FMICDONTIE. [LNIVOEERBBIDIEZSR
Lzl

PIVr—=3y

TINA ZDEEENRFDIRRE

HZHF. DCLIFEU—IE—RICAWUZY, DCLBLV
calibrationL XL, ENZENT I )L TOx0004&
0x2080(Z78WE T, BZLNILOHEBEEIIFDIBEICDINT
3. RK122sBLTLLES0, BRIIARD —T R
THAUNCTDZENTEET,

Po—I

MAX19000l32DDBRERHG 7 Z— L&A TINET,
F1IERERET7 Z—LT. MAX19000DHEBEE A
+125CHEBAT-EEICEERLEZ T, F20DEERHEFII.
DUT_MEENTOT S LAEERBEL NILDEE .
IEHBEVepHy SWUEWAVepLy KWEBELGDIESIC
TEEIL & 9. VepHy EVeply DLANIVIEREBED 14E Y b
DACICE D TERESN. NMA Y E=F 205 TRl
EOVALARMICE > THBEINE T, ZNENDT7Z—LA
(XYL T DCLL P ZER(FIL0DIH) ZERIDA #—
7). EN_TEMP_ALARM&EEN OV ALARMAMEIELE 9
(R108R), BEREIRICENZNOT7 2 —LHEHN
(TALARMEOVALARM)Z 7 H — kB2 /2 H 1213
INSDAR—TIEYNINAFIUD I ETOTS A
ITEIRELNHYES, 7T—LEAEF. 7T T7O—.
F—T2RLA>, DGNDE#TY, TALARMES AE1R
95TV TFHEEE 1—HASIC/FPGATRIR IS &A
BEEINTLVE I, MAXT19000D OVALARMIE] B8 1.
TOTSLAEERDACL RV ERSA/INDINA A 2 E—
FRO0ZTERRERBLTNET, N1 VE=F R
IS0 TETFAE—TIN TR EIITEZFTA, DUT_
TAVNITITDRELZHRTDEHICIE. BEIZ/NAAV
E—5 R 0S 0 TERE#NIEIC O SLLTLE
e RSANNDNAA 2 E—=F 2R 5> THOVALARM
DALy m3)LRIEELTLSI5EE. OVALARM®D
FMEICEEL LY, VovH/VepHRA LY 3 )L RD@id |
RETDEERMGH. PEEEMADEREI ST
EE&IC —XAIBECH DHE. OVALARMEIEIZOVALARM
HAZEEICN)ALET, BEFRGICEOTELDER

MAXI N




InNhveyy—Agra1r7IVDCL

90mA (TYP) +20mA ™

PCB AGND GND
FROM DUT GROUND DS ot i
ReE MAX19000
— GNDDAC_
ouT 6mA (TYP) =100pA "
25V 90mA (TYP) +20mA o0
REFERENCE
FROM DUT GROUND 0GS _mAXIM
GND R MAX19000
GNDDAC_
—_—
6mA (TYP) +100pA

VREF - VanDDAc_ INTRODUCES GAIN ERROR IN DAC OUTPUT VOLTAGE EQUAL TO
(VREF - VeNDDAC_)/+2.5V. KEEP GND ERROR LESS THAN THE 20mV GAIN CALIBRATION RANGE.
KEEP THE GNDDAC_ - GND WITHIN +100mV AND GNDDAC_ - DGND WITHIN £100mV.

10. R— RHU2EDEEZ (D IBEDEGR DB

HNeMALAT DIHE L. OVALARME AR N s h
ESMERMIEFEA. BLZEA BIWVEETVou/
VepRA Ly a)RaIORTDBATEHERIILET (T4
hb, BEREICEOTHELELMADERN VT
BIRRIC VI EINDBENHIET), F/=. DUT_IC
Y —ZHEEH LN DBEDNA A E—T RIS T
BEAFRET 218513, OVALARMEIR AT &=—T)L
LT, BEDNAAVE—F RO THENRRET
f8H LIOVALARMEE D M)y THhEET Do REE%
BRI 2WEBELNHDZEICEFELTLEZ,
mEtY—

SBE T —HAEI. TSLORZRDTSMUXOE Y b & ff
FALTERENTNET, TSLOZZYORAFIE. U7
AV ITI—ARHATEEIDIENTEZ Y, K14IC,
COMBEEA X—TIVITD=HDICBERE YN I—RDE
FanLE T, BELT—EHAOE7FOJEELUET,

MAXIN

/MNAXI

° MAX19000
100Q % :j>

DATA_ /RCV_

NDATA_ /NRCV_

X11. DATA_&ERCV_D#&is

®R14. BEEY—HDOHE

TSMUX0
(D6) TEMP OUTPUT
0 High-Z
1 Temp-sensor voltage

DATA_&&URCV_AND
DATA_&ERCV_IE. HTTISRT KD ICHED100Q TEE)
RSN TNET,

EFICDIT

O.1WFOOVF U T, FEEREAN%EGNDIC. REF%
DGSIC/NA/NZLTLEE L, B2, BEREHREEMN
HEIDMEICIT. 2ELLEETI0UFD/NL oAV T
ICEDNA/NNZRBEFERLTLIES N,

IORR—=ZRINYR

I ORR—=ZR/NVYREP)IE. RABTVEelCE RS NT
W9, EPEXKERBO L —Fide— b ool iR
LT, MEvdREER RICLTLEE L EPIZ. BEHA
BaELTERIDEHDOEDTIEIHY FHA, EPIE
EQMICKEBEHRODIZETDN. F/IFVERICEHLT
<& EPEISURITEHRLENTLSES L,
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T—UO—NMIZENDI+] [#] EE[-1IFRoHSTY
SRR ZERLICHEDTULABIE A, /N T —UREE
INVT—=DZDEDICETDEHDTROHSH AR E ISR
FEHEL HEICE DTNV =IO —-RREDZEN
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