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		  Datasheet File OCR Text:


		  1   2 19 3 a ? b d c ? 0 6 / 0 3 main features ? 8-bit resolution ? 500 msps (min) sampling rate ? power consumption: 3.8w typ ? 500 mvpp differential or single-ended analog inputs ? differential or single-ended 50 ?  ecl compatible clock inputs ? ecl or lvds/hstl output compatibility ? adc gain adjust ? data ready output with asynchronous reset ? gray or binary selectable output data; nrz output mode ? enhanced cbga package with ceramic lid ? evaluation board: tsev8308500gl (detailed specification on request) ? demultiplexer ts81102g0: companion device available performance ? 1.3 ghz full power input bandwidth ? band flatness: 0.5 db up to 500 mhz ? sinad = 45 db (7.2 effective bits), sfdr = 54 dbc at f s  = 500 msps, f in  = 20 mhz ? sinad = 43 db (7.1 effective bits), sfdr = 53 dbc at f s  = 500 msps, f in  = 250 mhz  ? sinad = 42 db (7.0 effective bits), sfdr = 52 dbc at f s  = 500 msps, f in  = 500 mhz (-3 db fs) ? 2-tone imd: tbd (199.5 mhz, 200.5 mhz) at 500 msps ? dnl = 0.3 lsb inl = 0.7 lsb ? low bit error rate (10 -13 ) at 500 msps, tj = 90  c applications ? digital sampling oscilloscopes ? satellite receiver ? electronic countermeasures/electronic warfare ? direct rf down-conversion screening ? atmel standard screening level ? temperature range: ?0  c < tc; tj  < +90  c ?-40  c < tc ; tj < + 110  c description the ts8308500 is a monolithic 8-bit analog-to-digital converter, designed for digitizing wide bandwidth analog signals at very high sampling rates of up to 500 msps. the ts8308500 is using an innovative architecture, including an on-chip sample and hold (s/h), and is fabricated with an advanced high-speed bipolar process. the on-chip s/h has a 1.3 ghz full power input bandwidth, providing excellent dynamic performance in undersampling applications (high if digitizing). adc 8-bit 500 msps ts8308500 rev. 2193a?bdc?04/03

 2 ts8308500 2193a?bdc?04/03 functional  description block diagram figure 1.   simplified block diagram functional  description the ts8308500 is an 8-bit 500 msps adc based on an advanced high-speed bipolar technol- ogy featuring a cutoff frequency of 25 ghz. the ts8308500 includes a front-end master/slave track and hold stage (s/h), followed by an analog encoding stage and interpolation circuitry. successive banks of latches are regenerating  the analog residues into logical data before entering an error correction circuitry and a resynchronization stage followed by 75 ?  differential output buffers. the ts8308500 works in fully differential mode from analog inputs up to digital outputs. the ts8308500 features a full-power input bandwidth of 1.3 ghz. control pin gorb is provided to select either the gray or binary data output format. the gain control pin is provided in order to adjust the adc gain. a data ready output asynchronous reset (drrb) is available on ts8308500. the ts8308500 uses only vertical isolated npn transistors together with oxide isolated poly- silicon resistors, which allow enhanced radiation tolerance (no performance drift measured at 150 krad total dose). master/slave track & hold amplifier v in ,  v inb clock buffer gain gorb data, datab or, orb drrb dr, drb clk, clkb 4 4 5 4 5 8 8 resistor chain analog encoding block interpolation stages  regeneration latches error correction & decode logic output latches & buffers

 3 ts8308500 2193a?bdc?04/03 specifications absolute  maximum ratings note: absolute maximum ratings are limiting values (referenced to gnd = 0v), to be applied individually, while other parameters  are within specified operating conditions. long exposure to maximum ratings may affect device reliability. the use of a thermal hea t sink is mandatory (see thermal characteristics). recommended  conditions of use table 1.   absolute maximum ratings parameter symbol comments value unit positive supply voltage v cc gnd to 6 v digital negative supply voltage dv ee gnd to -5.7 v digital positive supply voltage v plusd gnd -0.3 to 2.8 v negative supply voltage v ee gnd to -6 v maximum difference between negative supply voltages dv ee  to v ee 0.3 v analog input voltages v in  or v inb -1 to 1 v maximum difference between v in  and v inb v in  - v inb -2 to 2 v digital input voltage v d gorb -0.3 to v cc  0.3 v digital input voltage v d drrb v ee  -0.3 to 0.9 v digital output voltage v o v plusd  -3 to v plusd  -0.5 v clock input voltage v clk  or v clkb -3 to 1.5 v maximum difference between v clk  and v clkb v clk  - v clkb -2 to 2 v maximum junction temperature t j 135  c storage temperature t stg -65 to 150  c lead temperature (soldering 10s) t leads 300  c table 2.   recommended conditions of use parameter symbol comments recommended value unit min typ max positive supply voltage v cc 4.75 5 5.25 v positive digital supply voltage v plusd ecl output compatibility ? gnd ? v positive digital supply voltage v plusd lvds output compatibility 1.4 2.4 2.6 v negative supply voltages v ee,  dv ee -5.25 -5 -4.75 v differential analog input voltage  (full-scale) v in,  v inb v in  - v inb 50 ?  differential or single-ended 113 450 125 500 137 550 mv mvpp clock input power level p clk,  p clkb 50 ?  single-ended clock input 3 4 10 dbm operating temperature range t j commercial grade: ?c?  industrial grade ?v? 0 < tc; tj < 90 -40 < tc; tj < 110  c

 4 ts8308500 2193a?bdc?04/03 electrical  operating  characteristics v ee  = dv ee  = -5v; v cc  = +5v; v in  -v inb  = 500 mvpp full scale differential input 50 ?  differentially terminated digital outputs tj (typical) = 70  c table 3.   electrical specifications parameter symbol test  level value unit note min typ max power requirements positive supply voltage analog digital (ecl) digital (lvds) v cc v plusd v plusd 1 4 4 4.5 ? 1.4 5 0 2.4 5.5 ? 2.6 v v v positive supply current analog digital i cc i plusd 1 1 ? ? 420 130 445 145 ma ma negative supply voltage v ee 1 -5.5 -5 -4.5 v negative supply current analog digital ai ee di ee 1 1 ? ? 185 160 200 180 ma ma nominal power dissipation pd 1 ? 3.9 4.1 w power supply rejection ratio psrr 4 ? 0.5 2 mw resolution ????8bits (2) analog inputs full-scale input voltage range (differential mode) (0v common mode voltage) v in v inb 4 ? -125 -125 ? ? 125 125 mv mv full-scale input voltage range (single-ended input  option)  (14) v in v inb 4 ? -250 ? ? 0 250 ? mv mv analog input capacitance c in 4? 33.5pf input bias current i in 4 ? 10 20 a input resistance r in 40.5 1 ? m ? full power input bandwidth (-3 db) fpbw 4 ? 1.8 ? ghz small signal input bandwidth (10% full-scale) ssbw 4 ? 1.7 ? ghz clock inputs logic compatibility for clock inputs  (14) ?? ecl or specified clock input  power level in dbm ? (8) ecl clock inputs voltages (v clk  or v clkb ): ? 4 ? ? ? ? logic 0 voltage v il ?? ?-1.5v logic 1 voltage v ih ?-1.1 ? ? v logic 0 current i il ?? 5 50a logic 1 current i ih ?? 5 50a clock input power level into 50 ?  termination ? ? dbm into 50 ? ?

 5 ts8308500 2193a?bdc?04/03 clock input power level ? 4 -2 4 10 dbm clock input capacitance c clk 4? 33.5pf digital outputs single-ended or differential input mode, 50% clock duty cycle (clk, clkb), binary output data format, tj (typical) = 70  c. full temperature range: 0  c < tc; tj < +90  c or -40  c < tc ; tj < 110  c (1)(6) logic compatibility for digital outputs (depending on the value of v plusd )  (14) ?? ecl or lvds ? differential output voltage swings (assuming v plusd  = 0v): ?4???? 75 ?  open transmission lines (ecl levels) ? ? 1.5 1.620 ? v 75 ?  differentially terminated ? ? 0.70 0.825 ? v 50 ?  differentially terminated ? ? 0.54 0.660 ? v output levels (assuming v plusd  = 0v) 75 ?  open transmission lines: ?4???? (6) logic 0 voltage v ol ??-1.62-1.54v logic 1 voltage v oh ?-0.88-0.8 ? v output levels (assuming v plusd  = 0v) 75 ?  differentially terminated: ?4???? (6) logic 0 voltage v ol ??-1.41-1.34v logic 1 voltage v oh ?-1.07 -1 ? v output levels (assuming v plusd  = 0v) 50 ?  differentially terminated: ?????? (6) logic 0 voltage v ol 1, 2 ? -1.40 -1.32 v logic 1 voltage v oh 1, 2 -1.16 -1.10 ? v differential output swing dos 4 270 300 ? mv output level drift with temperature ? 4 ? ? 1.6 mv/  c dc accuracy single-ended or differential input mode, 50% clock duty cycle (clk, clkb), binary output data format tj (typical) = 70  c differential non linearity dnl- 1 -0.6 -0.4 ? lsb/v (2)(3) differential non linearity dnl+ 1 ? 0.4 0.6 lsb/v integral non linearity inl- 1 -1.2 -0.7 ? lsb/v (2)(3) integral non linearity inl+ 1 ? 0.7 1.2 lsb/v no missing codes ? guaranteed over specified temperature range (3) gain ? 1, 2 90 98 110 %/v input offset voltage ? 1, 2 -26 -5 26 mv/v table 3.   electrical specifications (continued) parameter symbol test  level value unit note min typ max

 6 ts8308500 2193a?bdc?04/03 gain error drift offset error drift ? ? 4 4 100 40 125 50 150 60 ppm/  c ppm/  c transient performance bit error rate f s  = 500 msps, f in  = 62.5 mhz ber 4 ? ? 1e-13 error/  sample (2)(4) adc settling time v in  -v inb  = 400 mvpp ts 4 ? 0.5 1 ns (2) overvoltage recovery time tor 4 ? 0.5 1 ns (2) ac performance single-ended or differential input and clock mode, 50% clock duty cycle (clk, clkb), binary output data format, tj = 70  c, unless otherwise specified signal to noise and distortion ratio sinad ? ? ? ? ? (2) f s  = 500 msps, f in  = 20 mhz ? 4 43 45 ? db f s  = 500 msps, f in  = 500 mhz ? 4 42 44 ? db f s  = 500 msps, f in  = 1000 mhz (-1 dbfs) ? 4 38 40 ? db f s  = 50 msps, f in  = 25 mhz ? 1 43 46 ? db effective number of bits enob ? ? ? ? ? f s  = 500 msps, f in  = 20 mhz ? 4 7.0 7.2 ? bits f s  = 500 msps, f in  = 500 mhz ? 4 6.8 7.0 ? bits f s  = 500 msps, f in  = 1000 mhz (-1 dbfs) ? 4 6.0 6.3 ? bits f s  = 50 msps, f in  = 25 mhz ? 1 7.0 7.4 ? bits signal to noise ratio snr ? ? ? ? ? (2) f s  = 500 msps, f in  = 20 mhz ? 4 44 46 ? db f s  = 500 msps, f in  = 500 mhz ? 4 44 45 ? db f s  = 500 msps, f in  = 1000 mhz (-1 dbfs) ? 4 40 43 ? db f s  = 50 msps, f in  = 25 mhz ? 1 44 45 ? db total harmonic distortion |thd| ? ? ? ? ? (2) f s  = 500 msps, f in  = 20 mhz ? 450 53 ? db f s  = 500 msps, f in  = 500 mhz ? 4 48 50 ? db f s  = 500 msps, f in  = 1000 mhz (-1 dbfs) ? 4 38 40 ? db f s  = 50 msps, f in  = 25 mhz ? 1 44 54 ? db table 3.   electrical specifications (continued) parameter symbol test  level value unit note min typ max

 7 ts8308500 2193a?bdc?04/03 notes: 1. differential output buffers are internally loaded by 75 ?  resistors. buffer bias current = 11 ma 2. see ?definition of terms? on page 46 3. histogram testing based on sampling of a 10 mhz sinewave at 50 msps 4. output error amplitude < 4 lsb around worst code 5. maximum jitter value obtained for single-ended clock input on the die (chip on board): 200 fs 6. digital output back termination options depicted in application notes 7. at 500 msps, 50/50 clock duty cycle, tc2 = 2 ns (tc1). tdr - tod = -100 ps (typ) does not depend on the sampling rate 8. specified loading conditions for digital outputs: - 50 ?  or 75 ?  controlled impedance traces properly 50/75 ?  terminated, or unterminated 75 ?  controlled impedance traces - controlled impedance traces far end loaded by 1 standard eclinps register from motorola. (i.e.: 10e452) (typical input parasitic capacitance of 1.5 pf including package and esd protections.) 9. termination load parasitic capacitance derating values:  - 50 ?  or 75 ?  controlled impedance traces properly 50/75 ?  terminated: 60 ps/pf or 75 ps per additionnal eclinps load spurious free dynamic range sfdr ? ? ? ? ? (2) f s  = 500 msps, f in  = 20 mhz ? 4 50 56 ? dbc f s  = 500 msps, f in  = 500 mhz ? 4 50 53 ? dbc f s  = 500 msps, f in  = 1000 mhz (-1 dbfs) ? 4 38 40 ? dbc f s  = 50 msps, f in  = 25 mhz ? 1 50 55 ? dbc two-tone inter-modulation distortion imd 4 ? ? ? ? (2) f in1  = 199.5 mhz at f s  = 500 msps, f in2  = 200.5 mhz at f s  = 500 msps ??-47-52?dbc switching performance and characteristics ?  see figure 2 and figure 3 on page 9 maximum clock frequency f s ? 500 ? 700 msps (12) minimum clock frequency f s 410 ? 50msps (13) minimum clock pulse width (high) tc1 4 1.71 2 50 ns minimum clock pulse width (low) tc2 4 1.71 2 50 ns aperture delay ta 4 100 +250 400 ps (2) aperture uncertainty jitter 4 ? 0.4 0.6 ps (rms) (2)(5) data output delay tdo 4 1150 1360 1660 ps (2)(8)   (9)(10) output rise/fall time for data (20%-80%) tr/tf 4 250 350 550 ps (9) output rise/fall time for data ready (20%-80%) tr/tf 4 250 350 550 ps (9) data ready output delay tdr 4 1110 1320 1620 ps (2)(8)   (9)(10) data ready reset delay trdr 4 ? 720 1000 ps data to data ready ? clock low pulse width (see ?timing diagrams? on page 9) tod-tdr 4 0 40 80 ps (7)(11)   (12) data to data ready output delay (50% duty cycle) at  1 gsps (see ?timing diagrams? on page 9) td1 4 920 960 1000 ps (2)(13) data pipeline delay tpd 4 4 clock  cycles table 3.   electrical specifications (continued) parameter symbol test  level value unit note min typ max

 8 ts8308500 2193a?bdc?04/03  - unterminated (source terminated) 75 ?  controlled impedance lines: 100 ps/pf or 150 ps per additionnal eclinps termina- tion load 10. apply proper 50/75 ?  impedance traces propagation time derating values: 6 ps/mm (155 ps/inch) for tsev8308500gl eval- uation board 11. values for tod and tdr track each other over temperature, (1% variation for tod-tdr per 100  c temperature variation). therefore tod-tdr variation over temperature is negligible. moreover, the internal (on-chip) and package skews between each data tods and tdr effect can be considered negligible. consequently, minimum values for tod and tdr are never more than 100 ps apart. the same is true for the tod and tdr maximum values (see advanced application notes about ?tod-tdr variation over temperature? on page 22). 12. min value guarantees performance. max value guarantees functionality 13. min value guarantees functionality. max value guarantees performance 14. refer to product application notes

 9 ts8308500 2193a?bdc?04/03 timing diagrams figure 2.   ts8308500 timing diagram (500 msps clock rate), data ready reset, clock held at low level figure 3.   ts8308500 timing diagram (500 msps clock rate), data ready reset, clock held at high level tc1 tc2 ta = 250 ps x x n+1 x n+2 x n+3 n digital outputs (v in ,  v inb ) data ready (dr, drb) (clk, clkb) x n+5 n-4 n-3 n n-2 n-1 tc = 1000 ps x x n+4 tod = 1360 ps 1360 ps drrb 1 ns (min) tdr = 1320 ps tpd: 4.0 clock periods 1000 ps trdr = 720 ps n-1 td2 = tc2+tod-tdr = tc2+40 ps = 540 ps tdr = 1320 ps data data data data data data dat a n-5 n+1 td1 = tc1+tdr-tod = tc1-40 ps = 460 ps tc1 tc2 ta = 250 ps n+1 n+2 n+3 n digital outputs (v in , v inb ) data ready (dr, drb) (clk, clkb) n+5 n-4 n-3  n n-1 n-2 tc = 1000 ps n+4 tod = 1360 ps 1360 ps drrb 1 ns (min) tdr = 1320 ps tpd: 4.0 clock periods trdr = 720 ps n-1 td2 = tc2+tod-t d = tc2+40 ps = 540  tdr = 1320 ps data data data data data data dat a n-5 n+1 1000 ps x x x x x x x td1 = tc1+tdr-tod = tc1-40 ps = 460 ps

 10 ts8308500 2193a?bdc?04/03 explanation of  test levels   note: 1. unless otherwise specified, all tests are pulsed tests : therefore t c  = t a  where t c  and t a  are case and ambient temperature. 2. refer to ?ordering information? on page 48. 3. only min and max values are guaranteed (typical values are issued from characterization results). functions  description table 4.   explanation of test levels (3) num characteristics 1 100% production tested at +25  c (1)  (for ?c? temperature range (2) ) 2 100% production tested at +25  c (1) , and sample tested at specified temperatures (for ?v? temperature range (2) ) 3 sample tested only at specified temperatures 4 parameter is guaranteed by design and characterization testing (thermal steady-state  conditions at specified temperature) 5 parameter is a typical value only table 5.   functions description name function v cc positive power supply v ee analog negative power supply v plusd digital positive power supply gnd ground v in , v inb differential analog inputs clk, clkb differential clock inputs   differential output data port dr, drb differential data ready outputs or, orb out of range outputs gain adc gain adjust gorb gray or binary digital output select diod/drrb die junction temperature measurement/  asynchronous data ready reset  v in  v inb clk clkb d0 d7 d0b d7b 16 dvee = -5v vcc = +5v vplusd = +0v (ecl) vplusd = +2.4v (lvds) ts8308500 vee = -5v gnd  gain gorg diod/ drrb or orb dr drb

 11 ts8308500 2193a?bdc?04/03 digital output  coding nrz (non return to zero) mode, ideal coding: does not include gain, offset, and linearity volt- age errors. table 6.   digital output coding differential  analog input voltage level digital output out of  range binary gorb = vcc or floating gray gorb = gnd > +251 mv > positive full-scale + 1/2 lsb 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 +251 mv +249 mv positive full-scale + 1/2 lsb positive full-scale - 1/2 lsb 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 +126 mv +124 mv positive 1/2 scale + 1/2 lsb positive 1/2 scale - 1/2 lsb 1 1 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 +1 mv -1 mv bipolar zero + 1/2 lsb bipolar zero - 1/2 lsb 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 -124 mv -126 mv negative 1/2 scale + 1/2 lsb negative 1/2 scale - 1/2 lsb 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 -249 mv -251 mv negative full-scale + 1/2 lsb negative full-scale - 1/2 lsb 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 < -251 mv < negative full-scale - 1/2  lsb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

 12 ts8308500 2193a?bdc?04/03 typical  characterization  results 50/50 clock duty cycle, binary output coding, tj = 70  c, single-ended analog and clock inputs, unless otherwise specified. static linearity f s  = 50 msps/f in  = 10 mhz figure 4.   integral non-linearity note: clock frequency = 50 msps; signal frequency = 10 mhz positive peak: -0.68 lsb; negative peak: -0.69 lsb figure 5.   differential non-linearity note: clock frequency = 50 msps; signal frequency = 10 mhz;  positive peak: 0.3 lsb; negative peak: -0.29 lsb

 13 ts8308500 2193a?bdc?04/03 effective number  of bits versus  power supply  variation figure 6.   effective number of bits = f (v eea ); f s  = 500 msps; f in  = 100 mhz figure 7.   effective number of bits = f (v cc ); f s  = 500 msps; f in  = 100 mhz figure 8.   effective number of bits = f (v eed ); f s  = 500 msps; f in  = 100 mhz 0 1 2 3 4 5 6 7 8 -7 -6.5 -6 -5.5 -5 -4.5 -4 veea (v)  enob (bits) 0 1 2 3 4 5 6 7 8 3 3.5 4 4.5 5 5.5 6 6.5 7 vcc (v) enob (bits) 0 1 2 3 4 5 6 7 8 -6 -5.5 -5 -4.5 -4 -3.5 -3 veed (v) enob (bits)

 14 ts8308500 2193a?bdc?04/03 typical fft  results figure 9.   spectrum for f s  = 500 msps, f in  = 498 mhz (full scale input) note: acquisition of 4096 points; thd = -49.67 dbc; f s  = 500 msps; sinad = 44.01 db; f in  = 498 mhz; sfdr = -54.31 dbc; sfsr = -0.94 db; enob = 7.13 bits; snr = 45.39 db figure 10.   reconstructed signal for f s  = 500 msps, f in  = 498 mhz (full scale input) note: acquisition of 4096 samples; f s  = 500 msps; amplitude: 0.221v (114.5 lsb); f in  = 498 mhz; offset: 0v (122.5 lsb) lsb 250 200 150 100 50 0 01 ns

 15 ts8308500 2193a?bdc?04/03 figure 11.   spectrum for f s  = 500 msps, f in  = 250 mhz (full scale input) figure 12.   reconstructed signal for f s  = 500 msps, f in  = 250 mhz (full scale input) note: acquisition of 4096 samples; f s  = 500 msps ; amplitude: 0.189v (113.5 lsb); f in  = 250 mhz ; offset: 0v (122.5 lsb) lsb 250 200 150 100 50 0 0123 ns

 16 ts8308500 2193a?bdc?04/03 dynamic  performance  versus analog  input frequency figure 13.   sfdr: f s  = 500 msps, f in  = 20 mhz up to 1000 mhz, -1db full scale input, tj = 70  c figure 14.   thd: fs = 500 msps, f in  = 20 mhz up to 1000 mhz, -1db full scale input, tj = 70  c figure 15.   sinad and snr: fs = 500 msps, f in  = 20 mhz up to 1000 mhz, -1db full scale input, tj = 70  c sfdr dbc 60 55 45 50 40 2 100 200 400 500 fin (mhz) 600 700 800 900 1000 300 2 100 200 300 400 500 600 700 800 900 1000 0 -10 -20 -30 -40 -50 -60 fin (mhz) thd dbc 2 100 200 300 400 500 600 700 800 900 1000 36 38 40 42 44 46 48 sinad snr fin (mhz) db

 17 ts8308500 2193a?bdc?04/03 figure 16.   fs = 500 msps, f in  = 20 mhz up to 1000 mhz, -1db full scale input, tj = 70  c sfdr and thd versus sampling frequency figure 17.   analog input frequency: f in  = 250 mhz and fs = 200 msps to 1400 msps effective number of bits (enob) versus sampling frequency figure 18.   analog input frequency:  f in  = 250 mhz and fs = 200 msps to 1400 msps   2 100 200 300 400 500 600 700 800 900 1000 5,5 6 6,5 7 7,5 bits fin (mhz) enob 200 400 600 800 1000 1200 1400 dbc   thd sfdr fs (msps) -60 -50 -40 -30 -20 -10 bits 8 7 6 5 4 3 2 1 enob fs msps 200 400 600 800 1000 1200 1400

 18 ts8308500 2193a?bdc?04/03 sinad and snr versus sampling frequency figure 19.   analog input frequency:  f in  = 250 mhz and f s  = 200 msps to 1400 msps ts8308500 adc performances versus junction temperature figure 20.   sfdr: f s  = 500 msps, f in  = 250 mhz, -1db full scale input, tj = 0  c to 125  c 10 15 20 25 30 35 40 45 50 200 400 600 800 1000 1200 1400 db sinad snr fs (msps) 125 0 25 50 75 100 50.0 50.5 51.0 51.5 52.0 52.5 53.0 tj(  c) sfdr dbc

 19 ts8308500 2193a?bdc?04/03 figure 21.   thd: f s  = 500 msps, f in  = 250 mhz, -1db full scale input, tj = 0  c to 125  c figure 22.   sinad and snr: f s  = 500 msps, f in  = 250 mhz, -1db full scale input, tj = 0  c to 125  c figure 23.   enob: f s  = 500 msps, f in  = 250 mhz, -1db full scale input, tj = 0  c to 125  c -60 -50 -40 -30 -20 dbc -10 0 0255075 tj (  c) thd 100 125 43.5 44.0 44.5 45.0 45.5 46.0 46.5 db 0255075 tj (  c) 100 125 sinad snr 7.00 7.05 7.10 7.15 7.20 7.25 7.30 bits enob tj (  c) 0 25 50 75 100 125

 20 ts8308500 2193a?bdc?04/03 figure 24.   power consumption versus junction temperature: f s  = 500 msps; f in  = 250 mhz; duty cycle = 50% typical full power  input bandwidth figure 25.   band flatness at 1.3 ghz ; -3 db (-2 dbm full power input) power consumption (w) temperature (  c) 0 1 2 3 4 5 -40 -20 0 20 40 60 80 100 120 140 160 -6 -5 -4 -3 -2 -1 0 sfsr (db fs) 0 200 400 600 800 1000 1200 1400 1600 frequency (mhz)

 21 ts8308500 2193a?bdc?04/03 adc step  response test pulse input characteristics: 20% to 80% input full scale and rise time ~ 200 ps. note: this step response was obtained with the tsev8308500 chip on-board (device in die form). figure 26.   test pulse digitized with 20 ghz dso figure 27.   same test pulse digitized with ts8308500 adc note: ripples are due to the test setup (they are present on both measurements). 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 0 time (ns)      tr ~ 270 ps 50 mv/div vpp ~ 260 mv 600 ps/div 0 50 100 150 200 250 mv 0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0 0 200 150 100 50 0 adc  time (ns) tr ~ 330 ps 50 codes/div (vpp ~ 260 mv) 600 ps/div

 22 ts8308500 2193a?bdc?04/03 ts8308500 main features timing  information timing value for  ts8308500 timing values as defined in table 3 on page 4 are advanced data, issuing from electric simu- lations and are the first characterization results fitted with measurements. timing values are given for cbga68 package inputs/outputs, taking into account package internal controlled impedance traces propagation delays, and specified termination loads. propagation delays in 50/75 ?  impedance traces are not taken into account for tod and tdr. apply proper derating values corresponding to termination topology. the min/max timing values are valid over the full temperature range in the following conditions: ? specified termination load (differential output data and data ready): 50 ?  resistor in parallel with 1 standard eclinps register from motorola, (i.e.: 10e452). (typical eclinps inputs shows a typical input capacitance of 1.5 pf (including package and esd protections). if addressing an output dmux, take care if some digital outputs do not have the same termination load and apply corresponding derating value given below ? output termination load derating values for tod and tdr: ~ 35 ps/pf or 50 ps per additional eclinps load ? propagation time delay derating values have also to be applied for tod and tdr: ~ 6 ps/mm (155 ps/inch) for tsev8308500 evaluation board apply proper time delay derating value if a different dielectric layer is used. propagation time  considerations tod and tdr timing values ar e given from pin to pin  and do not include the additional propagation times between device pins and input/output termination loads. for the tsev8308500 evaluation board, the propagation  time delay is 6 ps/mm (155 ps/inch) corre- sponding to 3.4 (at 10 ghz) dielectric constant of the ro4003 used for the board. if a different dielectric layer is used (for instance teflon), use appropriate propagation time values. td does not depend on propagation times because it is a differential data.  (td is the time difference between data ready output delay and digital data output delay) td is also the most straightforward data to measure, again because it is differential: td can be measured directly onto termination loads, with matched oscilloscopes probes. tod-tdr variation  over temperature values for tod and tdr track each other over temperature (1% variation for tod-tdr per 100  c temperature variation). therefore tod-tdr variation over temperature is negligible. moreover, the internal (on-chip) and package skews between each data tods and tdr affect can be considered as negligible.

 23 ts8308500 2193a?bdc?04/03 consequently, minimum values for tod and td r are never more than 100 ps apart. the same is true for the tod and tdr maximum values. in other words: ? if tod is at 1150 ps, tdr will not be at 1620 ps (maximum time delay for tdr). ? if tod is at 1660 ps, tdr will not be at 1110 ps (minimum time delay for tdr). however, external tod-tdr values may be dictated by total digital data skews between every tods (each digital data) and tdr: mcm board , bonding wires and output lines lengths differences, and output termination impedance mismatches. the external (on board) skew effect has not been taken into account for the specification of the minimum and maximum values for tod-tdr. principle of operation the analog input is sampled on the rising edge of the external clock input (clk, clkb) after ta (aperture delay) of typically 250 ps . the digitized data is available after 4 clock periods latency (pipeline delay (tpd), on clock ris- ing edge, after 1360 ps typical propagation delay tod.) the data ready differential output signal frequen cy (dr, drb) is half the external clock fre- quency, that is it switches at the same rate as the digital outputs. the data ready output signal (dr, drb) swit ches on the external  clock falling edge after a propagation delay tdr of typically 1320 ps. a master asynchronous reset input command drrb (ecl compatible single-ended input) is available for initializing the differential data ready output signal (dr, drb). this feature is mandatory in certain applicati ons using interleaved adcs or using a single adc with demultiplexed outputs. actually, without data ready signal initialization, it is impos- sible to store the output digital data in a defined order. principle of data  ready signal  control by drrb  input command data ready output  signal reset the data ready signal is reset on the falling edge of the drrb input command, on the ecl logical low level (-1.8v). drrb may also be tied to v ee  = -5v for data ready output signal master reset. so long as drrb remains at a logical low level, (or tied to v ee  = -5v), the data ready output remains at logical zero and is independent of the external free running encoding clock. the data ready output signal (dr, drb) is reset to logical zero after trdr = 720 ps typical. trdr is measured between the -1.3v point of the falling edge of the drrb input command and the zero crossing point of the differential data ready output signal (dr, drb). the data ready reset command may be a pulse of 1 ns minimum time width.

 24 ts8308500 2193a?bdc?04/03 data ready output  signal restart the data ready output signal restarts on the drrb command?s rising edge, ecl logical high levels (-0.8v). drrb may also be grounded, or is allowed to float, for a normal free running data ready output signal. the data ready signal restart sequence depends on the logical level of the external encoding clock, at drrb rising edge instant: ? the drrb rising edge occurs when the external encoding clock input (clk,clkb) is  low: the data ready output?s first rising edge occurs after half a clock period on the  clock falling edge, after a delay time tdr = 1320 ps already defined hereabove. ? the drrb rising edge occurs when external encoding clock input (clk,clkb) is high:  the data ready output?s first rising edge occurs after one clock period on the clock falling  edge, and a delay tdr = 1320 ps. consequently, as the analog input is sampled on the clock?s rising edge, the first digitized data corresponding to the first acquisition (n) after  a data ready signal restart (rising edge) is always strobed by the third rising edge of the data ready signal. the time delay (td1) is specified between the last point of a change in the differential output data (zero crossing point) to the rising or falling edge of the differential data ready signal (dr,drb) (zero crossing point). note: 1. for normal initialization of the data ready output signal, the external encoding clock signal frequency and level must be controlled. the minimum encoding clock sampling rate for the adc is 10 msps and consequently the clock cannot be stopped. 2. one single pin is used for both the drrb input command and die junction temperature monitoring. pin denomination will be drrb/diod. (on former versions the denomination was diod.). temperature monitoring and data ready control by drrb is not possible simultaneously. analog inputs (v in,   v inb ) the analog input full scale range is 0.5v, or -2 dbm into the 50 ?  termination resistor. in differential mode input configuration, that means 0.25v on each input, or   125 mv around 0v. the input common mode is ground. the typical input capacitance is 3 pf for ts8308500 in a cbga package. differential input  voltage span figure 28.   differential input voltage span -125 125 [mv] -250 mv vin (vin, vinb) =   250 mv = 500 mv diff 500 mv full scale analog input t vinb 0v 250 mv

 25 ts8308500 2193a?bdc?04/03 differential versus  single-ended analog  input operation the ts8308500 can operate at full speed in either the differential or single-ended configuration. this is explained by the fact the adc uses a high input impedance differential preamplifier stage, (preceeding the sample and hold stage), which has been designed in order to be entered either in differential mode or single-ended mode. this is true so long as the out-of-phase analog input pin v inb  is 50 ?  terminated very closely to one of the neighboring shield ground pins (52, 53, 58, 59) which constitute the local ground reference for the in-phase analog input pin (v in ). thus the differential analog input preamplifier will fully reject the local ground noise (and any capacitively and inductively coupled noise) as common mode effects. in a typical single-ended configuration, enter on the (v in ) input pin, with the inverted phase input pin (v inb ) grounded through the 50 ?  termination resistor. in a single-ended input configuration, the in-phase input amplitude is 0.5v, centered on 0v (or -2 dbm into 50 ? ). the inverted phase input is at ground potential through the 50 ?  termination resistor. however, dynamic performances can be somew hat improved by entering either analog or clock inputs in differential mode. typical single-ended  analog input  configuration figure 29.   typical single-ended analog input configuration clock inputs (clk,  clkb) the ts8308500 can be clocked at full speed wi thout noticeable performance degradation in either the differential or single-ended configuration. this is explained by the fact the adc uses a differential preamplifier stage for the clock buffer, which has been designed in order to be entered either in differential or single-ended mode. the recommended sinewave generator characteristics are typically -120 dbc/hz phase noise floor spectral density, at 1 khz from carrier, assuming a single tone 4 dbm input for the clock signal. single-ended clock  input (ground  common mode) although the clock inputs were intended to be driven differentially with nominal -0.8v/-1.8v ecl levels, the ts8308500 clock buffer can manage a single-ended sinewave clock signal centered around 0v. this is the most convenient clock input configuration as it does not require the use of a power splitter. 50 ? (on package) 1 m ? 3 pf -250 250 500 mv t [mv] v in vin =   250 mv = 500 mv diff vin  or vinb double pad (pins 54, 55 or 56, 57) vin  or vinb 50 ?  reverse termination 500 mv full scale analog input vinb = 0v vinb

 26 ts8308500 2193a?bdc?04/03 no performance degradation (i.e.: due to timing ji tter) is observed in this particular single- ended configuration up to 500 msps nyquist conditions (f in  = 250 mhz). this is all the more so since the inverted phase clock input pin is 50 ?  terminated on the pack- age (that is very close to one of the neighboring shield ground pins, which constitutes the local ground reference for the inphase clock input). thus the ts8308500 differential clock input buffer will fully reject the local ground noise (and any capacitively and inductively coupled noise) as common mode effects. moreover, a very low phase noise sinewave generator must be used for enhanced jitter performance. the typical in-phase clock input amplitude is 1v, centered on 0v (ground) common mode. this corresponds to a typical clock input power level of 4 dbm into the 50 ?  termination resistor. do not exceed 10 dbm to avoid saturation of the preamplifier input transistors. figure 30.   single-ended clock input (ground common mode): vclk common mode = 0v; vclkb = 0v; 4 dbm typical clock input power level (into 50 ?  termination resistor) note: do not exceed 10 dbm into the 50 ?  termination resistor for the single clock input power level. differential ecl clock  input the clock inputs can be driven differentially with nominal -0.8v/-1.8v ecl levels. in this mode, a low-phase noise sinewave generator can be used to drive the clock inputs, fol- lowed by a power splitter (hybrid junction) in order to obtain 180   out of phase sinewave signals. biasing tees can be used for offseting the common mode voltage to ecl levels. note:  as the biasing tees propagation times are not matching, a tunable delay line is required in order to ensure the signals are 180   out of phase, especially at fast clock rates in the 500 msps range. figure 31.   differential clock inputs (ecl levels) 50 ? (on package) 1 m ? 0.4 pf -0.5v +0.5v t [v] vclk clk  or clkb double pad (pins 37, 38 or 39, 40) clk or clkb 50 ?  reverse termination vclk = 0v vclk 50 ? (on package) 1 m ? 0.4 pf clk  or clkb double pad (pins 37, 38 or 39, 40) clk or clkb -2v 50 ?  reverse termination -1.8v -0.8v [mv] vclk t vclkb common mode = -1.3v

 27 ts8308500 2193a?bdc?04/03 single-ended ecl  clock input  in a single-ended configuration, enter at clk (resp. clkb) pin, with the inverted phase clock input pin clkb (respectively clk) connected to -1.3v through the 50 ?  termination resistor. the in-phase input amplitude is 1v, centered on -1.3v common mode. figure 32.   single-ended clock input (ecl): vclk common mode = -1.3v; vclkb = -1.3v noise immunity  information circuit noise immunity performance begins at design level. efforts have been made to the design to make it as insensitive as possible to chip environment perturbations resulting from the circuit itself  or induced by external  circuitry. (cascode stage isolation, internal damping resistors, clamps, internal (on-chip) decoupling capacitors.) furthermore, the fully differential operation from the analog input up to the digital outputs pro- vides enhanced noise immunity with common mode noise rejection. common mode noise voltage induced on the differential analog and clock inputs will be can- celed out by these balanced differential amplifiers. moreover, proper active signal shielding has been provided on the chip to reduce the amount of coupled noise on the active inputs. the analog inputs and clock inputs of the ts8308500 device have been surrounded by ground pins, which must be directly connected to the external ground plane. digital outputs the ts8308500 differential output buffers are internally loaded with 75 ? . the 75 ?  resistors are connected to the digital ground pins through a -0.8v level shift diode (see figure 33, fig- ure 34, figure 35 on page 29). the ts8308500 output buffers are designed for driving 75 ?  (default) or 50 ?  properly termi- nated impedance lines or coaxial cables. an 11 ma bias current flowing alternately into one of the 75 ?  resistors when switching ensures a 0.825v voltage drop across the resistor (untermi- nated outputs). the v plusd  positive supply voltage allows the adjustment of the output common mode level from -1.2v (v plusd  = 0v for ecl output compatibility) to +1.2v (v plusd  = 2.4v for lvds output compatibility). therefore, the single-ended output voltages vary approximately between -0.8v and -1.625v, (outputs unterminated), around -1.2v common mode voltage. -1.8v -0.8v t [v] vclk vclkb = -1.3v

 28 ts8308500 2193a?bdc?04/03 three possible line driving and back-termination scenarios are proposed  (assuming v plusd  = 0v): 1. 75 ?  impedance transmission lines, 75 ?  differentially terminated (figure 33): each output voltage varies between -1v and -1.42v (respectively +1.4v and +1v), leading to   0.41v = 0.825v in differential, around -1.21v (respectively +1.21v) common mode for v plusd  = 0v (respectively 2.4v) 2. 50 ?  impedance transmission lines, 50 ?  differentially terminated (figure 34): each output voltage varies between -1.02v and -1.35v (respectively +1.38v and +1.05v), leading to   0.33v = 660 mv in differential, around  -1.18v (respectively +1.21v) common mode for v plusd  = 0v (respectively 2.4v) 3. 75 ?  impedance open transmission lines (figure 35): each output voltage varies between -1.6v and -0.8v (respectively +0.8v and +1.6v), which are true ecl levels, leading to   0.8v = 1.6v in differential, around -1.2v (respec- tively +1.2v) common mode for v plusd  = 0v (respectively 2.4v)  therefore, it is possible to directly drive high input impedance storing registers, without terminating the 75 ?  transmission lines.  in the time domain, that means that the incident wave will reflect at the 75 ?  transmission line output and travel back to the generator (i.e.: the 75 ?  data output buffer). as the buffer output impedance is 75 ? , no back reflection will occur. note: this is no longer true if a 50 ?  transmission line is used, as the latter is not matching the buffer 75 ?  output impedance. each differential output termination length must be kept identical.  it is recommended to decouple the midpoint of the differential termination with a 10 nf capaci- tor to avoid common mode perturbation in case of slight mismatch in the differential output line lengths. too large mismatches (keep < a few mm) in the differential line lengths will lead to switching currents flowing into the decoupling capacitor leading to switching ground noise. the differential output voltage levels (75 ?  or 50 ?  termination) are not ecl standard voltage levels, however, it is possible to drive standard logic ecl circuitry like the eclinps logic line from motorola ? .

 29 ts8308500 2193a?bdc?04/03 differential output loading configurations (levels for ecl compatibility) figure 33.   differential output: 75 ?  terminated figure 34.   differential output: 50 ?  terminated figure 35.   differential output: open loaded -0.8v 75 ? 75 ?   - + 11 ma dvee 75 ? 75 ?   impedance out outb 75 ? 75 ? -1v/-1.41v 10 nf differential output: +0.41v = 0.825v -1.41v/-1v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 0v -0.8v 75 ? 75 ?   - + 11 ma dvee 50 ? 50 ?   impedance out outb 50 ? 50 ? -1.02v/-1.35v 10 nf differential output: +0.33v = 0.660v -1.35v/-1.02v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 0v -0.8v 75 ? 75 ?   - + 11 ma dvee 75 ? 75 ?   impedance out outb -0.8v/-1.6v differential output: +0.8v = 1.6v -1.6v/-0.8v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 0v

 30 ts8308500 2193a?bdc?04/03 differential output loading configurations (levels for lvds compatibility) figure 36.   differential output: 75 ?  terminated figure 37.   differential output: 50 ?  terminated figure 38.   differential output: open loaded 1.6v 75 ? 75 ?   - + 11 ma dvee 75 ? 75 ?   impedance out outb 75 ? 75 ? 1.4v/0.99v 10 nf differential output: +0.41v = 0.825v 0.99v/1.4v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 2.4v 1.6v 75 ? 75 ?   - + 11 ma dvee 50 ? 50 ?   impedance out outb 50 ? 50 ? 1.38v/1.05v 10 nf differential output: +0.33v = 0.660v 1.05v/1.38v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 2.4v 1.6v 75 ? 75 ?   - + 11 ma dvee 75 ? 75 ?   impedance out outb 1.6v/0.8v differential output: +0.8v = 1.6v 0.8v/1.6v  common mode level: -1.2v (-1.2v below vplusd level) vplusd = 2.4v

 31 ts8308500 2193a?bdc?04/03 out of range bit an out of range (or, orb) bit that goes to logical high state when the input exceeds the pos- itive full scale or falls below the negative full scale is available. when the analog input exceeds the positive full-scale, the digital output datas remain at a high logical state, with (or, orb) at logical one. when the analog input falls below the negative full-scale, the digital outputs remain at a logical low state, with (or, orb) at logical one again. gray or binary  output data  format select the ts8308500 internal regeneration latches indecisions (for inputs very close to a latch threshold) that can produce errors in the logic encoding circuitry and lead to large amplitude output errors. this is due to the fact that the latches are regenerating the internal analog residues into logical states with a finite voltage gain value (av) within a given positive amount of time (t): av =  exp( ? (t)/  ), where    is the positive feedback regeneration time constant. the ts8308500 has been designed to reduce the probability of occurrence of such errors to approximately 10 -13  (targeted for the ts8308500 at 500 msps). a standard technique for reducing the amplitude of such errors down to 1 lsb consists in outputing the digital data in gray code format. though the ts8308500 has been designed to feature a bit error rate of 10 -13  with a binary output format, it is possible for the user to select between the binary or gray output data format, in order to reduce the amplitude of such errors when they occur, by storing gray output codes. digital data format selection: ? binary output format if gorb is floating or v cc .  ? gray output format if gorb is connected to ground (0v). diode pin k1 a single pin is used for both the drrb input  command and die junction monitoring. the pin denomination is drrb/diod. temperature monitoring and data ready control by drrb is not possible simultaneously. (see ?principle of data ready signal control by drrb input command? on page 23 for data ready reset input command). the operating die junction temperature must be kept below 145  c, therefore an adequate cooling system has to be set up. the diode mounted transistor measured vbe value versus junction temperature is given below.

 32 ts8308500 2193a?bdc?04/03 figure 39.   diode pin k1 adc gain control  pin k6 the adc gain is adjustable by means of the pin k6 (input impedance is 1 m ?  in parallel with 2 pf). the gain adjust transfer function is given below: figure 40.   adc gain control pin k6 600 640 680 720 760 800 840 880 920 960 1000 -55 -35 -15 5 25 45 65 85 105 125 vbe (mv) junction temperature (  c) 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 -500 -400 -300 -200 -100 0 100 200 300 400 500 adc gain vgain (command voltage) (mv)

 33 ts8308500 2193a?bdc?04/03 equivalent  input/output  schematics figure 41.   equivalent analog input circuit and esd protections note: the esd protection equivalent capacitance is 150 ff. figure 42.   equivalent analog clock input circuit and esd protections note: the esd protection equivalent capacitance is 150 ff. vee vee 5.8v 0.8v 200 ? 200 ? 50 ? 50 ? e21v e21g e21g e21v vin gnd = 0v vinb pad capacitance 340 ff pad capacitance 340 ff vcc = +5v -0.8v -5.8v 5.8v 0.8v -0.8v -5.8v vclamp = +2.4v +1.65v -1.55v vee = -5v gnd vcc vee vee 5.8v 0.8v 150 ? 150 ?  e31v e21g e21g e31v clk clkb pad capacitance 340 ff pad capacitance 340 ff vcc = +5v -5.8v -5.8v -5.8v 5.8v 0.8v -0.8v -5.8v -5.8v +0.8v gnd = 0v                                                         380   a vee = -5v vcc

 34 ts8308500 2193a?bdc?04/03 figure 43.   equivalent data output buffer circuit and esd protections note: the esd protection equivalent capacitance is 150 ff. figure 44.   adc gain adjust equivalent input circuits and esd protections note: the esd protection equivalent capacitance is 150 ff. 5.8v 0.8v 0.8v vee vee -5.8v e01v e01v -5.8v out pad capacitance 180 ff dvee = -5v vplusd = 0v to 2.4v vee = -5v vee = -5v 5.8v 0.8v 0.8v      outb pad capacitance 180 ff vee 1 k ? ga pad capacitance 180 ff 2 pf np1032c2 +0.8v 500   a 500   a vee = -5v e22v vcc = +5v gnd gnd -0.8v -5.8v 0.8v 0.8v 5.8v e22ga

 35 ts8308500 2193a?bdc?04/03 figure 45.   gorb equivalent input schematic and esd protections gorb: gray or binary select input; floating or tied to v cc  -> binary note: the esd protection equivalent capacitance is 150 ff. figure 46.   drrb equivalent input schematic and esd protections actual protection range: 6.6v above v ee , in fact stress above gnd are clipped by the cb diode used for tj monitoring note: the esd protection equivalent capacitance is 150 ff. 5.8v 5.8v 5.8v vee e21va -0.8v -0.8v -5.8v e31g 1 k ? 5 k ? 1 k ? 1 k ? gorb pad capacitance 180 ff vcc = +5v 250   a 250   a gnd = 0v vee = -5v 5.8v -2.6v -1.3v 0.8v 200 ? 10 k ? e21g drrb vee gnd = 0v vcc = +5v vee = -5v pad capacitance 180 ff np1032c2

 36 ts8308500 2193a?bdc?04/03 tsev8308500: device evaluation board for complete specification, see the separate ?tsev8308500? document. general  description the tsev8308500 evaluation board (eb) is a board which has been designed in order to facilitate the evaluation and the characterization of the ts8308500 device up to its 1.3 ghz full power bandwidth at up to 500 msps in the commercial temperature range. the high speed of the ts8308500 requires careful attention to circuit design and layout to achieve optimal performance. this four metal layer board with internal ground plane has the adequate functions in order to allow a quick and simple evaluation of the ts8308500 adc performances over the tempera- ture range. the tsev8308500 evaluation board is very straightforward as it only implements the ts8308500 adc, sma connectors for input/output accesses and a 2.54 mm pitch connector compatible with hp16500c high frequency probes. the board also implements a de- embedding fixture in order to facilitate the evaluation of the high frequency insertion loss of the input microstrip lines, and a die junction temperature mea- surement setting. the board is constituted by a sandwich of two dielectric layers, featuring low insertion loss and enhanced thermal characteristics for operation in the high frequency domain and extended temperature range. the board dimensions are 130 mm x 130 mm. the board set comes fully assembled and tested, with the ts8308500 and its heatsink installed.

 37 ts8308500 2193a?bdc?04/03 package  description table 7.   ts8308500 pad description pad number chip pad name chip pad function 1v plusd positive digital supply (double pad) (2) 2d5 in-phase (+) digital output, bit 5  (d7 is the msb; bit 7, d0 is the lsb; bit 0) 3 d5b inverted phase (-) digital output, bit 5 4 d4 in-phase (+) digital output, bit 4 5 d4b inverted phase (-) digital output, bit 4 6dv ee -5v digital supply (double pad) 7 dr in-phase (+) data ready 8 drb inverted phase (-) data ready 9 d3 in-phase (+) digital output, bit 3 10 d3b inverted phase (-) digital output, bit 3 11 v plusd positive digital supply (double pad) (2) 12 d2 in-phase (+) digital output, bit 2 13 d2b inverted phase (-) digital output, bit 2 14 d1 in-phase (+) digital output, bit 1 15 d1b inverted phase (-) digital output, bit 1 16 d0 in-phase (+) digital output, bit 0, least significant bit 17 d0b inverted phase (-) digital output, bit 0, least significant bit 18 gorg gray or binary data output format select (1) 19 v cc +5v supply (double pad) 20 gnd analog ground (double pad) 21 v cc +5v supply (double pad) 22 v ee -5v analog supply (double pad) 23 v cc +5v supply (double pad) 24 gnd analog ground (double pad) 25 clk in-phase (+) clock input (double pad) 26 gnd analog ground 27 clkb inverted phase (-) clock input (double pad) 28 gnd analog ground (double pad) 29 v ee -5v analog supply (double pad)  30 v cc +5v supply (double pad) 31 v ee -5v analog supply (double pad) 32 diod/drrb diode input for tj monitoring/input for asynchronous data ready reset  33 gnd analog ground 

 38 ts8308500 2193a?bdc?04/03 notes: 1. gorb tied to v cc  or floating: binary output data format. gorb tied to gnd: gray output data format. 2. the common mode level of the output buffers is 1.2v below the positive digital supply.  for ecl compatibility the positive digital supply must be set at 0v (ground). for lvds compatibility (output common mode at +1.2v) the positive digital supply must be set at 2.4v.if the subsequent lvds circuitry can withstand a lower level for input common mode, it is remmended to lower the positive digital supply level in the name proportion in order to spare power dissipation. 34 v in in-phase (+) analog input (double pad) 35 gnd analog ground  36 v in b inverted phase (-) analog input (double pad) 37 gnd analog ground (double pad) 38 gain adc gain adjust input  39 v cc +5v supply (double pad) 40 v cc +5v supply 41 or in-phase (+) out of range digital output  42 orb inverted phase (-) out of range digital output 43 d7 in-phase (+) digital output, bit 7, most significant bit 44 d7b inverted phase (-) digital output bit 7  45 d6 in-phase (+) digital output, bit 6 46 d6b inverted phase (-) digital output, bit 6 table 7.   ts8308500 pad description (continued) pad number chip pad name chip pad function

 39 ts8308500 2193a?bdc?04/03 ts8308500  pin description (cbga68 package) note: 1. the common mode level of the output buffers is 1.2v below the positive digital supply for ecl compatibility the positive digital supply must be set at 0v (ground )  for lvds compatibility (output common mode at +1.2v) the positive digital supply must be set at 2.4v if the subsequent lvds circuitry can withstand a lower level for the input common mode, it is recommended to lower the positive digital supply level in the same proportion in order to spare power dissipation table 8.   ts8308500 pin description symbol pin number function gnd a2, a5, b1, b5, b10, c2, d2, e1, e2, e11,  f1, f2, g11, k2, k3, k4, k5, k10, l2, l5 ground pins, to be connected to external ground plane v cc a4, a6, b2, b4, b6, h1, h2, l6, l7 +5v positive supply v ee  a3, b3, g1, g2, j1, j2 5v analog negative supply dv ee f10, f11 -5v digital negative supply v in l3 in-phase (+) analog input signal of the sample and hold  differential preamplifier v inb  l4  inverted phase (-) of ecl clock input signal (clk) clk  c1 in-phase (+) ecl clock input signal. the analog input is  sampled and held on the rising edge of the clk signal clkb  d1 inverted phase (-) of ecl clock input signal (clk) b0, b1, b2, b3, b4, b5,  b6, b7  a8, a9, a10, d10, h11, j11, k9, k8 in-phase (+) digital outputs. b0 is the lsb, b7 is the msb b0b, b1b, b2b, b3b,  b4b, b5b, b6b, b7b  b7, b8, b9, c11, g10, h10, l10, l9 inverted phase (-) digital outputs. b0b is the inverted lsb  b7b is the inverted msb or k7 in-phase (+) out of range bit. out of range is high on the  leading edge of code 0 and code 256 orb  l8 inverted phase (+) of out of range bit (or) dr  e10 in-phase (+) output of data ready signal drb  d11 inverted phase (-) output of data ready signal (dr) gorb  a7 gray or binary select output format control pin  ? binary output format if gorb is floating or v cc ? gray output format if gorb is connected at ground (0v) gain  k6 adc gain adjust pin. the gain pin is grounded by default,  the adc gain transfer fuction is nominally close to one diod/drrb  k1 die function temperature measurement pin and  asynchronous data ready reset active low, single ended  ecl input v plusd   b11, c10, j10, k11 + 2.4v for lvds output levels otherwise to gnd (1) nc  a1, a11, l1, l11 not connected

 40 ts8308500 2193a?bdc?04/03 ts8308500gl  pinout of cbga68  package figure 47.   ts8308500 pinout of cbga68 package 1 2 3 4 5 6 7 8 9 10 11 vplusd vplusd nc b3b drb gnd gnd b4 b5 nc dvee gnd gnd b2 vplusd b3 dr b4b b5b vplusd b6b b2b b6 b1 b7b b1b b7 b0 orb b0b or gorb vcc vcc gain vcc vcc gnd gnd gnd gnd vcc gnd vcc vinb vee gnd vee vin dvee vcc gnd gnd gnd gnd gnd vee vcc vee gnd gnd gnd diode nc ball a1 index other side bottom view clk clkb gnd vee vcc vee nc gnd abcdefgh jkl

 41 ts8308500 2193a?bdc?04/03 ts8308500  capacitors and  resistors implant figure 48.   ts8308500 capacitors and resistors implant note: r and c discrete components are 0603 size (1.6 x 0.8mm) gnd 100 pf dvee clk 50 ? gnd clkb 50 ? gnd vee 100 pf gnd vcc 100 pf gnd vee 100 pf gnd gnd 100 pf gorb vcc 100 pf gnd vcc 100 pf gnd vee 100 pf gnd vcc 100 pf gnd gnd 100 pf gain gnd 50 ? vinb gnd 50 ? vin vcc 100 pf gnd only on-package marking electrically isolated 0.9 mm 0.9 mm 0.9 mm ?  7.0 mm 0.9 mm

 42 ts8308500 2193a?bdc?04/03 outline dimensions  figure 49.   outline dimensions - 68 pins cbga cbga 68 package. al203 substrate. package design. corner balls (x4) are not connected (mechanical ball). balls : 1.27 mm pitch on 11x11 grid. top side with  soldered r, c  devices  (using solder  sn/pb 63/37) balls side balls sn/pb 63/37 ai203 substrate ai203 ceramic  cap. glued and embedded  in substrate 1.45    0.12 0.63    0.10 detail of ball x2 all units in mm 1.27 view balls side 15.00    0.15 mm 0.95 max  15.00    0.15 mm 1.27 ref 7.84 7.84 abcdefghj kl 1 2 3 4 5 6 7 8 9 10 11 - a - ball a1 index other side 68 x  ?    d = 0.80    0.10 mm 0.40 0.15 tab t (position of array of balls/edges a and b) (position of balls within array) - b - 50  ? 0.20 t 100 pf - t - d 0.15 1.00

 43 ts8308500 2193a?bdc?04/03 cross section figure 50.   cross section top side with soldered r, c devices  (using solder  sn/pb 63/37) 0.95 max  0.20 t - t - balls side balls sn/pb 63/37 ai203 substrate ai203 ceramic cap. glued on substrate 0.15 (0.400) 100 pf all units in mm 50  ? (0.20) (0.25) (2 x 0.20) (0.20) 1.45   0.12

 44 ts8308500 2193a?bdc?04/03 thermal and  moisture  characteristics thermal resistance  from junction to  ambient: rthja the following table lists the convection thermal performances parameters of the device itself, with no external heatsink added. thermal resistance  from junction to  case: rthjc the typical value for rthjc is given as 6.7  c/w (8  c/w max). this value does not include thermal contact resistance between package and external compo- nent (heatsink or pc board). as an example, 2.0  c/w can be taken for 50 m of thermal grease. cbga68 board  assembly with  external heatsink it is recommended that an external heatsink or specifically designed pcb be used. cooling system efficiency can be monitored using the  temperature sensing diode, integrated in the device. figure 51.   cbga68 board assembly note: units = mm table 9.   thermal resistance air flow (m/s) estimated ja thermal resistance (  c/w) 045 0.5 35.8 1 30.8 1.5 27.4 2 24.9 2.5 23 3 21.5 4 19.3 5 17.7 0 10 20 30 40 50 012 34 5 air flow (m/s) rthja (deg.c/w) 31 32.5 board 50.5 20.2 24.2 6.8

 45 ts8308500 2193a?bdc?04/03 moisture  characteristics this device is sensitive to moisture (msl3 according to jedec standard): shelf life in sealed bag: 12 months at 20% when read at 23  c 5  c. if baking is required, devices may be baked for: ? 192 hours at 40  c +5  c/-0  c and  46 ts8308500 2193a?bdc?04/03 definitions definition of terms (ber) bit error rate probability to exceed a specified error threshold for a sample. an error code is a code that dif- fers by more than   4 lsb from the correct code. (bw) full-power input  bandwidth (dg) differential gain analog input frequency at which the fundamental component in the digitally reconstructed out- put has fallen by 3 db with respect to its low frequency value (determined by fft analysis) for input at full-scale. the peak gain variation (in percent) at five different dc levels for an ac signal of 20% full- scale peak to peak amplitude. f in  = 5 mhz (tbc). (dnl) differential non-  linearity the differential non-linearity for an output code (i) is the difference between the measured step size of code (i) and the ideal lsb step size. dnl (i) is expressed in lsbs. dnl is the maximum value of all dnl (i). dnl error specification of less than 1 lsb guarantees that there are no missing output codes and that the transfer function is monotonic. (dp) differential phase peak phase variation (in degrees) at five differ ent dc levels for an ac signal of 20% full- scale peak to peak amplitude. f in  = 5 mhz (tbc). (enob) effective  number of bits where a is the actual input amplitude and v is the full-scale range of the adc under test. (imd) intermodulation  distortion the two tones intermodulation distortion (imd) rejection is the ratio of either input tone to the worst third order intermodulation products. the input tones levels are at -7 db full-scale. (inl) integral non-  linearity the integral non-linearity for an output code (i) is the difference between the measured input voltage at which the transition occurs and the ideal value of this transition. inl (i) is expressed in lsbs, and is the maximum value of all |inl (i)|. (jitter) aperture  uncertainty sample to sample variation in aperture delay. the voltage error due to jitter depends on the slew rate of the signal at the sampling point. (npr) noise power  ratio the npr is measured to characterize the adc performance in response to broad bandwidth signals. when using a notch-filtered broadband white-noise generator as the input to the adc under test, the noise power ratio is defined as the ratio of the average out-of-notch to the average in-notch power spectral density magnitudes for the fft spectrum of the adc output sample test. (nrz) non-return to  zero when the input signal is larger than the upper bound of the adc input range, the output code is identical to the maximum code and the out of range bit is set to logic one. when the input signal is smaller than the lower bound of the adc input range, the output code is identical to the minimum code, and the out of range bit is set to logic one. (it is assumed that the input signal amplitude remains within the absolute maximum ratings). (ort) overvoltage  recovery time time to recover 0.2% accuracy at the output, after a 150% full-scale step applied on the input is reduced to midscale. sinad - 1.76 + 20 log (a/v/2) 6.02 enob  =

 47 ts8308500 2193a?bdc?04/03 (psrr) power supply  rejection ratio ratio of input offset variation to a change in power supply voltage. (sfdr) spurious free  dynamic range ratio expressed in db of the rms signal amplitude, set at 1 db below full-scale, to the rms value of the next highest spectral component  (peak spurious spectral component). sfdr is the key parameter for selecting a converter to be used in a frequency domain application (radar systems, digital receiver, network analyzer, etc.). it may be reported in dbc (i.e.: degrades as signal level is lowered), or in dbfs (i.e.: always related back to converter full scale) (sinad) signal to noise  and distortion ratio ratio expressed in db of the rms signal amplitude, set to 1 db below full-scale, to the rms sum of all other spectral components, including the harmonics except dc. (snr) signal to noise  ratio ratio expressed in db of the rms signal amplitude, set to 1 db below full-scale, to the rms sum of all other spectral components excluding the five first harmonics. (ta) aperture delay delay between the rising edge of the differential clock inputs (clk, clkb) (zero crossing point), and the time at which (v in , v inb ) is sampled. (tc) encoding clock  period tc1 = minimum clock pulse width (high) tc = tc1 + tc2 tc2 = minimum clock pulse width (low) (td1) time delay from  data to data ready time delay from data transition to data ready. (td2) time delay from  data ready to data general expression is td1 = tc1 + tdr -  tod with tc = tc1 + tc2 = 1 encoding clock period. (tf) fall time time delay for the output data signals to fall from 80% to 20% of delta between low level and high level. (thd) total harmonic  distorsion ratio expressed in dbc of the rms sum of the first five harmonic components, to the rms value of the measured fundamental spectral component. (tod) digital data  output delay delay from the falling edge of the differential clock inputs (clk, clkb) (zero crossing point) to the next point of change in the differential output data (zero crossing) with a specified load. (tpd) pipeline delay number of clock cycles between the sampling edge of an input data and the associated output data being made available, (not taking in account the tod). for the ts8388bf the tpd is 4 clock periods. (tr) rise time time delay for the output data signals to rise from 20% to 80% of delta between low level and high level. (trdr) data ready  reset delay delay between the falling edge of the data ready output asynchronous reset signal (ddrb) and the reset to digital zero transition of the data ready output signal (dr). (ts) settling time time delay to achieve 0.2% accuracy at the converter output when a 80% full-scale step func- tion is applied to the differential analog input.

 48 ts8308500 2193a?bdc?04/03 ordering  information part number package temperature range screening comments tsx8308500gl cbga 68 ambient prototype prototype version ts8308500cgl cbga 68 "c" grade 0  c < tc ; tj < 90  c standard ts8308500vgl cbga 68 "v" grade -40  c < tc ; tj < 110  c standard tsev8308500gl cbga 68 ambient prototype evaluation board (delivered with a heat sink) TSEV8308500GLZA2 cbga 68 ambient prototype evaluation board with digital output buffers  (delivered with a heat sink)

 49 ts8308500 2193a?bdc?04/03 datasheet  status  description life support  applications these products are not designed for use in life support appliances, devices or systems where malfunction of these products can reasonably be expected to result in personal injury. atmel customers using or selling these products for use in such applications do so at their own risk and agree to fully indemnify atmel for any damages resulting from such improper use or sale. table 10.   datasheet status datasheet status  validity objective specification this datasheet contains target and  goal specifications for discussion with  customer and application validation. before design phase  target specification this datasheet contains target or  goal specifications for product  development. valid during the design phase preliminary specification   -site this datasheet contains preliminary  data. additional data may be  published later could include  simulation results. valid before characterization  phase preliminary specification   -site this datasheet also contains  characterization results.  valid before the  industrialization phase product specification this datasheet contains final product  specification valid for production purposes limiting values limiting values given are in accordance with the absolute maximum rating system (iec 134). stress  above one or more of the limiting values may cause permanent damage to the device. these are  stress ratings only and operation of the device at these or at any other conditions above those given in  the characteristics sections of the specification is not implied. exposure to limiting values for  extended periods may affect device reliability. application information where application information is given, it is advisory and does not form part of the specification.
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