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16-Bit, 50kHz Samphng A/D Converter

Features . |General Description
o Monolithic CMOS A/D Converter Lhe Icfszsﬁedc;‘Mos alnalog-to Idi|g|;1al cor}vgrtler :s Ian |
eal front-end for single- or multi-channel digital signa
Inherent Sampllng Archltecture - processing systems.. It needs no external sample/hold
3-State Output Buffers ..~ |amplifier at ts input to convert ac signals - the sampling
Microprocessor Interface function Is inherent to its charge redistribution design.”
. Using a standard successive- approxumatlon algonthm,
e Sampling Rates up to 50kHz . the CSZ5116 sequences through a 16-bit conversion in
, . ) | 16.25 microseconds: With 3.75 microseconds needed
e Ultra-Low Distortion . ’ between conversions for acquisition, the CSZ5116 can

. . . support throughput rates up to 50kHz. itis therefore ideal
Total Harmonic Distortion: 0.001% forp,?focessmg a’f,d,oband f,gna,s

Peak Harmonic Pr Noise: . 104dB The CSZ5116 features an on-chip self-calibration scheme 3

. ST ) which calibrates its bit weights to true 16-bit accuracy. This
o Low Power Dissipation: 120mwW _ insures low distortion and maintains good signal-to-noise -
) performance with low-level signals.

e Pin Compatible with CSZ5112/CSZ5114 ORDERING INFORMATION: Page 89 s
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ANALOG CHARACTERISTICS ,
(Ta=25°C; VA+, VD+ =5V;_ VA, VD- = -5V; VREF = 45V
Full-Scale Input Smewave,1kHz felk = 4MHz for -16, 2MHz for -32; fs = 50kHz for -18, 25kHz ‘for-32; .
T Blpolar Mode Analog Source lmpedance 200Q unless otherwise specrﬂed)

EEERE ¢ - - 7] €825116-J,K,L CSZS116~ABC €SZ5116-S,T,U
T I_’arameter" o min  typ max | min typ’ min  typ max Unhs
Specified Température Range - 01070 401085 - © 5510125 °C
Dynamlc Performance ’ ’
Peak Harmomc or Spurious Noise e o B o o --
: o JAS | o2 o4 " 92 04 92 - 904 = dB.
- -~ o+ 1kHz Input -K,B,T 96 100 96 100 96 100 dB
Tm,ntoT St 4Cy | 100 104 - 100 104 100 ~ 104 .- dB ..}
Wotet)- "7 jas | s2 . 84 | g2 84 | s2 8 . .| B
12kHz Input "-K,B,T 85 88 - g5 . - 88 85 [:1:] . dB
B . : -L,C,U 8 - 91 85 91. 85 91 .- 7 dB
. | Total Harmonic Distortion - : : - ; . o .
DR N --oLAS B 0.004 - 0.004 ' 0.004 - -~ %
- - -K,B,T . 0.002 - 0.002 0,002 %
. -L,C,U 0.001 i - 0.001 : ~0.001 L%
Signal-to-Noise Ratio R R
- - oy . -LAS 84 87 84 87 84 87 ’ dB
0dB Input -K,B,T 87 90 87 20 87 90 - dB
Toin?® Tmax LCcU | 90 92 %0 82 90 92 -dB
| S T JAS Cer 27 27 dB
T : -80dB Input  -K,B,T 30 . 5 30 - . 30 dB
> - (Note2) -LGU" |* a2 > -~ |.. - 82 - . 32 |- dB -
S dcAccuracy . . . L .
Differential Linearity (Note3) | 16 ) 16 ' 16 . Bits
FullScale Emor .- Trint® Trmax +2 - +2 +2 LSB
Unipolar Offset .. Tmint°Tmax T2 s e LSB
Bipolar Offset C Toin®© Trmax 1 - +1 1 . *1 " LSB
Bipolar Zero Error T t0 Ty ] +2 - £2 +2 LSB

Notes: 1. All Tminto Tmax specnﬂcatlons apply after calibration at the temperature of interest.
. 2. A detailed plot of S/(N+D) vs. input amphtude appears on page 79.
e - 3 Mlmmum resolution for whlch no mlssmg codes is guaranteed

*Referto ErrorDeflmtlonson page 88 S ) ) - .'

~

Specifications are subject to change without notice. e - -

762 . . . - - , DS24F3.1
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ANALOG CHARACTERISTICS (Continued) - R S

CSZ5116-4,K,L CSZS116-A B, C - €SZ5116-S,T,U :

) Paramater - . min typ max | min  typ' min~ typ "max Units 7
Analog Input- -~ - v o o DS
Aperture Time , 25 ) 25 . 25 N
Aperture Jitter - 100 100 _ 100 ps
Full Power Bandwidth {Note 4) - 25 25 7'_1'25 N . kHz
Input Capacitance = Unipolar Mode | - 276 375 . 275 - 875. 276 375 pF

(Note5) . - Bipolar Mods 165 220 165 220 | 165 220 pF
Conversion & Throughput : n -
ConversionTime . . —16 = - - 16.25| - - 1625 . 1625| us
(Notes 6,7) - -32 825 325 | - 325 | us
Acquisition Time - . - -186 - - 30 .37 -30 875 ‘80 -3.75 us
(Note7) -32 : 45 525 ° 45 525 45 525 us-
Throughput —16 - 505 . 50 50 kHz
" (Note7)" ) —-32 285 - 265 ) 26.5 kHz
Power Supplles = ' = T - : ' ’
Power Supply Currents (Note8) T
1As 9 19 9 19 9 19 [ mA-
IA- -9 -9 ... 9 9 -9 ~9 mA
Ips - 3 6 3 6 3 "6 mA
Ip. - -3 -8 - .8 -6 -3 -6 mA
Power Dissipation {Note 8) 120 - 250 | . 120 250 .- 120 250 mw
Power Supply Rejection (Note 9) - e - : . s
Positive Supplies 84 84 84 dB '
Negative Supplies - 84 - 84 : 84 ) dB

Notes: 4. Refertothe Analog Input section on page 75 for a discussion of input slew capabnhtles
5. Applies only in the track mode. When converting or callbratlng, .
input capacitance will not exceed 15pF. ) el
6. Measured from falling transition on HOLD to falling transition on EOC
7. Conversion, acquisition, and throughput times depend on the master clock, samphng, and cahbratlon
conditions. The numbers shown assume sampllng and conversion is synchronized withthe . - -
CSZ5116’s conversion clock, Interleave calibrate is disabled, and operation is from the full- rated
. external clock. A detailed discussion of conversion tnmlng appears on page 69. .
=~ 8. Alloutputs unloaded. All inputs CMOS levels. *:
9. With 300mV p-p, 1kHz ripple applied to each supply separately inthe blpolar mode Rejectlon .
~*  ‘improves by 6dB in the unipolar mode fo 90dB A plot of typlcal power supply rejectlon appears on
' page 82 .

DsaaFs - . - ~ : R 7-63
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SWITCHING CHARACTERlSTICS (TA Tmin 10 Tmax; -~~~
VA+, VD+ = 5V £ 10%; VA-, VD-=-5V+10%; Inputs: LOgICO 0V, Logic 1= VD+, CL SOpF)

. - Pparameter - . Sea Symbol Min Typ Max Units
Master Clock Frequency: .- .- - S . ‘ N :
Internally Generaled I [ e o2 - o
32 |. - . .
Externally Supplied: = *~ ~ -16 fok - e 4 . MHz
. S . |2 | - S 2
Master Clock Duty Cycle - - 30 - - 70 . %
Rise Times: " " Any Digital Input tiise - -]l 10 | us
. Any Digital Output - - . 20 - ns
Fall Times: " ..__ Any Digital Input ) tean - - i 10 . us
“ .77 . Any Digital Qutput " ’ 1 - 20 - ) ns
HOLD Pulse Width - _ thow 1ACLK + 50 - te ns
Conversion Time te (Note 10) - (Note 10) us
DataDelay Time - - . tdd e 40 100 | “ns
- EOC Pulse Width - (Note 11) | " tepw 4fcLK-20 - - ns
' Set Up Times: CAL, INTRLV to CS Low - tes 20 10 - .- :
; AOtoCSandRDlow .. . tas’ 20 10 o ns
Hold Times: . = ) -
. CSorRD Highto A | invalid o tah 50 ) gBo | -
TS High to CAL, INTRLY Invalid -] ten - s0 30 1 - ns
Access Times:  CS Low to Data Valid E _ ;
- -JKLABG" tea ST 90 120" “ns
S, T,U ) o .. 15 .1 - 150
RD Lowto Data Valid B R , B . e ClwT -
JKLABGC | ta = - .. 90 120
S T.U - 115 150 | M
Output Float Delay: J, KL, A B c t4d |- e 50 . 10 - .| . s
CS or RD High to Output Hi-Z S, T,U . = - 50 140 -
SerfalClock *  Pulse Width Low_ Tl tewl | 2ok e ns
o " Pulse Width High towh - | 2fck -
Set Up Times: SDATAto SCLK Rising - ' tss 2fcLk-100 | 2fcLK - ns
Hold Times: SCLK Risingto SDATA =~ ° tsh | 2fclk-100 2ﬁcLK - ns

Notes: 10. See Table 1 and master clock frequenmes above.
11. EOC remains fow 4 master clock cycles if CS and RD are held low. Othenwse It returns hlgh within
four master clock cycles from the start of a data read operation ora converslon cycle.”

- - e
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V £ 10%; VA-, VD- = -5V + 10%)

Parameter - Symbol Min Typ Max Units
T High-Level Input Voliage : 7 VIH 2.0 - - v )
Low-Level Input Voltage ViL . . - 0.8 '
High-Level Output Voltage (Note 12) VoH VD4 - 1.0V - - v
Low-Level Output Voltage  lout=1.6mA VoL - - 04 | Vv
Input Leakage Current ’ . lin - - 10 UuA
_ | 3-State Leakage Current loz . . +10 uA
Dlgrlal Output Pin Capacitance " Cout - 9 - " pF

. Note: 12. Iou'r = -100pA. Thls specmcauon guarantees 1TL oompatlblhty (VOH 2. 4V @ lout = -40pA).

-

S

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, see Note 13.)

) Parameter Symbol Min Typ Max Units
DC Power Supplies: Positive Digital |.  VD+ 45 5.0 . “VA+ \'

. Negative Digital vD: -45. |- -60 . -55 v

Positive Analog VA+ 45 50 55 v

Negative Analog VA- ~4.5 -50 -5.5 \

Analog Reference Voltage - VREF 25 4.5 VA+-05 \J

| Analog Input Voltage:  Unipolar . VAIN - AGND - VREF \

T (Note 14) Bipolar . - VAN -VREF - VREF - v

e Notes: 13. All voltages with respect to ground.

14. The C8Z5116 can accept input voltages up to the analog supplies (VA+ and VA ). It wnll produce
’ an output of all 1's for inputs above VREF and all 0's for Inputs below AGND In umpolar mode

- : and -VREF in bnpolar mode.

¥ s

.ABSOLUTE MAXIMUM RATINGS (AGND, DGND = 0V, all voltageswnh respect to ground)

Parameter .~ - . Symbol Min Max Units
DC Power Supplies: . Positive Digital sl VD+ - . 03 VA++03 | v
e o Negative Digital - VD-’ . 0.3 -6.0 v
BT Positive Analog ' VA+ .08 6.0 v
o Negative Analog ' : VA--- - 03 -6.0 v
Input Current, Any Pin Except Supplies  {Note 15) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) - . Via " VA--0.3 VA++03 V-
Digital Input Voltage . Vo | 03 - | VD++03 v
Ambient Operating Temperature - - - ' : PR -55 125 C
) Storage Temperature ~ e T -85 150 . c

Note: 15 Transient currenls of up to 100mA W|II not cause SCR latch-up.

v

WARNING Operatlon ator beyond these |ImllS may result in permanent damage fo the dev:ce
Normal operation is not guaranteed at lhese extremes :
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THEORY OF OPERATION

The CSZ5116 utlhzes the most popula: method
of executing high-speed, high-resolution A/D
conversion: successive approximation. As with
all other iterative comparison methods, the
analog input is successively compared to the
output of a D/A converter controlled by the
conversion algorithm. Successive approximation
begins by comparing the input to the DAC
output set to half-scale (MSB on, all other bits

off). If the input is found to be below half-scale,
the MSB is reset to zero and the input is °
compared to one-quarter scale (next-MSB on, all -

others off). If the input were above half-scale,
the MSB would remain high and the next
comparison would be at three-quarters of full
scale. This procedure contmues until all bits have
been exercxsed . :

The CSZS 116 implements the successive-
approximation algorithm using a unique charge-
redistribution architecture. Instead of the
traditional resistor network, the DAC is an array
of binary-weighted capacitors. All legs of the
array share a common node at the comparator’s
input, with their other terminals capable of being
connected to AIN, AGND, or VREF (Figure 1).
When the device is not calibrating or cqnverting,
all bits are tied to AIN forming Cior. Switch S1 is

closed and the charge on the array, Qm, tracks

W

the mput mgnal Vin (Flgure 2a).

When the conversion command is 1ssued sw1tch
S1 opens as shown in Figure 2b. This traps

AIN o—

DE IESLH:.HEH DDDDSL.? 2 raos_sz

T8/ /o -/l

. CSZ5116.

. Qin Vm Cux
Figure 2a. Tracking Mode

charge Qin on the comparator side of the
capacitor array and creates a floating node at the
comparator’s input. The conversion algorithm
operates on this fixed charge, and the signal at
the analog input pin is ignored. In effect, the
entire DAC capacitor array serves as ‘analog.

memory during conversion much like a hold
capacitor in a sample/hold amplifier.

v

anure 2b. Convert Mode " -

The conversion consists of mampulatmg the free
plates of the capacitor array to VREF and AGND
to form a capacitive divider. Since the charge at
the floating node remains fixed, the voltage at
that pomt depends on the proportlon of

VREFC—

P
AGND 15~

$

1T

»ﬂs—o':
l—g-—o*'

Pl

Cr32,768 C/32,768i i

T T

. 7 7 Bitl5  Bit14 Bit13 Bit 12
: B

tot

=C+CR4+CA+.. Cl32768

Bit0 Dummy

Figure 1, Charge Redistribution DAC -

DS24F3
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capacitance tied to VREF versus AGND. The
successive-approximation algorithm is used to
find the proportion of capacitance, termed D in

" Figure 2b, which will drive the voltage at the
floating node to zero. That binary fraction of
capacitance represents the converter’s digital
output. .- -

The CSZ5116' charge redistribution architec-

ture easily supports bipolar input ranges. If half
the capacitor array (the MSB capacitor) is tied to
VREF rather than AIN in the track mode, the
input range doubles and offsets half-scale. The
magnitude of the reference voltage thus defines
both positive and negative full-scale (-VREF to
+VREF), and the digital code is an offset bmary
representation of the mput.

Calibration

The ability of the CSZ5116 to convert aiccu‘rately '

to 16-bits clearly depends on the accuracy of its
comparator and DAC. The CSZ5116 utilizes an
- "auto-zeroing" scheme to null errors introduced
by the comparator. All offsets are stored on the
capacitor array while in the track mode and are
effectively subtracted from the mput signal when
a conversion is initiated. Auto-zeroing enhances
power supply rejection at frequencies below the
conversion rate._ ’

To achieve 16-bit accuracy from the DAC, the
CSZ5116 uses a novel self-calibration scheme.
Each bit capacitor shown in Figure 1 actually
consists of several capacitors which can be

manipulated to adjust the overall bit weight.

Ssmpling LU |

Clock

MasterClock _UANNA
(Optional)

. a. Asynchronous Sampling -

- Figure 3; Sampling Connections -

CSZ5116

During calibration, an on-chip microcontroller
manipulates the sub-arrays to precisely ratio the
bits. Each bit is adjusted to just balance the sum
of all less significant bits plus one dummy LSB
(for example, 16C = 8C + 4C + 2C + C + C).
During calibration, the CSZ5116 implements
statistical noise reduction to calibrate accurately
to * 1/4 LSB. It performs multiple experiments
per calibration decision to reduce the effective
noise bandwidth and the probability of making
an incorrect decision. The resulting probability

" of obtaining a 1/4 LSB error is less than one in a
- thousand, with a negligible chance of obtaining a

calibration error of 1/2 LSB. «

DIGITAL CIRCUIT CONNECTIONS

The CSZ5116 can be applied in a wide variety
of master clock, sampling, and calibration
conditions which directly affect the device'’s
conversion time and throughput. The device also
features on-chip 3-state output buffers and a

‘complete interface for connecting to 8- and 16-

bit digital systems. Output data is also available
in serial format. .

Master Clock o

The CSZ5116 operates from a master clock
which can be externally supplied or internally
generated. The internal oscillator is activated by
hard-wiring the CLKIN input low. Alternatively,
the CSZ5116 can be synchromzed to the external
system by driving the CLKIN pm with a TTL or
CMOS clock signal.

b. Synchronous Sampling

DS24F3
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All calibration, conversion, and throughput times
directly scale to master clock frequency. Thus,
throughput can be precisely controlled and/or
maximized using an external master clock, In

contrast, the CSZ5116% internal oscillator will

vary from unit-to-unit and over temperature, Tts

tolerance gives rise to minimum and maximum .-

conversion times and throughput rates. The -16
version of the CSZ5116 is specified for accurate
operation with an external clock up to 4MHz; its
internal clock frequency is specified at a
minimum of 2,0MHz. The -32 version can
handle external clocks up to 2MHz; its internal
clock can range as low as 1.0MHz (see
Switching Charactensncs page 64) T

Samplmg/ImttatmgConverswns .

A fa]lmg transition on the HOLD pin places the

- input in the hold mode and initiates a conversion _

cycle. The HOLD input is latched internally by
the master clock, so it can return high anytime
after one master clock cycle plus 50ns. Upon
completion of the conversion ¢ycle, the
CSZ5116 automatically returns to the track
mode. In contrast to systems with separate track-
and-holds and A/D converters, a sampling clock
can simply be connected to the HOLD input
(Figure 3a). The duty cycle of this clock is not
critical. It need only remain low at least one
master clock cycle plus 50ns, but no longer than
the minimum conversion time or an additional

conversion cycle will be initiated w1th 7

madequate time for acqu1s1t10n .

>Conversion TimelThroughput 1

_ conversion cycle may not begin until up to four

" asynchronous mode (Figure 3a), the four clock

. ) Figure da. Mﬁchrouous Sampling (External Clock)

’ T Conversion Time
Synchronous (Loopback) ) 65T 65T o 80T 80T
Asynchronous - 65T 69T +235ns - N/A . 75T +2.25ps

" (T=one master clock cycle)

Table 1. Conversion and Tﬁroughput Times e

751010

CS2Z5116

Upon completing a conversion cycle and
returnmg to the track mode, the CSZ5116
requires time to acquxre the analog input signal
before another conversion can be initiated. ‘The
acquisition time is specified as six master clock
cycles plus 2.25ps. This adds to the conversion
time to define the converter’s maximum through-
put. The conversion time of the CSZ5116, in
turn, depends on the sampling, cahbratlon, and
master clock condmons

Asynchronous Samplmg

The CSZ5116 mtemally operates from a clock
which is delayed and divided down from the
master clock (fcLk/4). If sampling is not
synchronized to this internal clock, the

clock cycles after HOLD goes low even though
the charge is trapped immediately. In this

cycles add to the minimum 65 clock cycles to
define the maximum conversion time (see Figure
4a and Table 1) :

17T . : *

; N
&z S N7///////40
/SR W

- Syachrooimtion Uncertainty (Acydes) -

- . Throughput Time

-

}  DS24F3
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Synchronous Sampling '~ .

To achieve maximum throughput, sampling can
be synchronized with the internal conversion
clock by connecting the End-of-Track (EOD
output to HOLD (Figure 3b). The EOT output
falls 15 master clock cycles after EOC indicating
the analog input has been acquired to the
CSZ5116’s specified accuracy. The EOT output
is synchronized to the internal conversion clock;
so the four clock cycle synchronization
uncertainty is removed yielding throughput at
1/80th of the master clock frequency (see Fxgure
4b and Table 1). T N

- E R O 2 .

- — 1/ Throu . .

oD —\ /- eycles \

Topt N7 ¥ A v
Conversion

- - . — I N -
EGC r—mﬂ _/_‘__
. - l—_.’

Aequhiﬁon as eycln) \

Output —\_/

Flgure 4b Synchronous (Loopback) Mode :

¥

Also, the CSZ5116°s internal RC oscillator
exhibits significant jitter (typically +0.05% of its
period), which is high compared to crystal

_oscillators. If the CSZ5116 is configured for

synchronous sampling while operating from its
internal oscillator, this Jltter will dn‘ectly affect
samphng punty

The EOT output is an accurate indicator of the
CSZ5116’s acquisition requxrement ‘when
operating at the -16 version’s full rated speed
(3.75us with a 4MHz master clock). However,
EOT will allow the CSZ5116 more acquisition

time than necessary when operating with a clock
less than 4MHz. The EOT output always falls 15

master clock cycles after EOC. The CSZ5116

“only needs 3.75ps (six cycles @4MHz plus o
2.25ys). When operating the -32 with a master * . %"

clock of 2MHz or less, higher throughput can be
achieved than in the loopback configuration by~

CRYSTAL “SENTCONDUCTOR O3 D1 25%324 0000570 2 FS?B D

T5/-/
csz51 16

using an external counter. The counter should be
reset by the falling edge of EO EOC and count the
apptopnate number of clock cycles after each
conversion. When the total time is greater than

~ six clock cycles plus 2.25ps the counter can

trigger a new conversion at HOLD. For example,
when using a 2MHz clock, 2.25us takes between
four and five clock cycles. When six cycles are
added to this it is seen that the counter should
trigger a new conversion at the eleventh clock
cycle

Reset -

Upon power up, the CSZSll6 must be reset to
guarantee a consistent starting condition and
initially calibrate the device. Due to the
C8Z5116°s low power dissipation and low
temperature drift, io warm-up time is required
before reset to accommodate any self-heating
effects. However, the voltage reference input
should have stabilized to within 0.25% of its
final value before RST falls to guarantee an
accurate calibration, Later, the CSZ5116 may be
reset at any time to initiate a single full
calibration. Reset overrides all other functions. If
reset, the CSZ5116 will clear and initiate a new
calibration cycle mid- conversmn ‘or mid-
cahbratmn - . Lo -

Resets can be 1n1t1ated in hardware or software
The simplest method of resetting the CSZ5116
involves strobing the RST pin high, When RST
is brought high all internal logic clears. When it
returns low a full calibration begins which takes
1,443,840 master clock cycles (approximately

Figure 5. Power-On Reset Circuitry

7-70
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360ms with a 4MHz clock) to complete, A
simple power-on reset circuit can be built using a’
resistor and capacitor, and-a Schmidt-trigger
inverter to prevent oscillation (see Figure 5). The
CSZ5116 can also be reset in software when
under microprocessor control. The CSZ5116 will
reset whenever CS, A0, and HOLD are taken
low simultaneously. See the Microprocessor
Interface section to eliminate the possibility of
inadvertent software reset. The EOC output
remains high throughout the reset operation and

will fall upon its completion. It can thus be used -

fo generate an interrupt indicating the CSZ5116
is ready for operation. Six master clock cycles
plus 2.251s must be allowed after EOC falls to
allow for -acquisition. Under microprocessor-
independent operation with 3-states permanently
enabled (CS, RD low; AO high) the EOC output
will not fall at the completion of the reset
operation. e S

Initiating Calibration

All modes of calibration can be controlled in
hardware or software. Accuracy can thereby be
insured at any time or temperature throughout
operating life. After initial calibration at power-
up, the CSZ5116’s charge-redistribution design
yields better temperature drift and more graceful
aging than resistor-based technologies, so
calibration is actually required less often than
w1th traditional devices.

The ﬁrst mode of cahbration, reset; results in a
single full calibration cycle. The second type of
calibration, termed "burst" cal, is useful when the
ADC sees some downtime but not enough to
perform a full reset calibration. Burst cal can be

terminated mid-calibration; it picks up where it .

left off previously, so calibrations can be doné in

piecemeal fashion. Burst cal is initiated by'- .

bringing the CAL input high with CS low. The
CAL input is level-triggered and latches on the".
rising edge of CS, so a write cycle can be used to
confrol cahbrauon in software. Burst cal will

continue to loop through calibration cycles until = . -

terminated. Once CAL returns low, at least 26
master clock cycles plus 2.25us (8.75us @
4MHz clock) must be allowed before a
conversion is-initiated to ensure the CSZ5116
has completed its calibration experiment and has
acquired the analog input, The EOC output
indicates the completion of the final calibration
expenment (See note on page 89.)

~ The CSZSllG features a background calibration

mode called "interleave." Interleave appends a
single calibration experiment to each conversion
cycle and thus requires no dead time for
calibration. The CSZ5116 gathers data between
conversions and will adjust its transfer function
once it completes the entire sequence of
experiments (one calibration cycle per 72,192
conversions). Initiated by bringing both the
INTRLV input and CS low (or hard-wiring
INTRLV low), interleave extends the CSZ5116s
effective conversion time by 20 master clock
cycles Other than reduced throughput, interleave

is totally transparent to the user. )

Burst calibrations irxitiatqd at CAL pick up where
interleave left off, so calibration cycles can be
hastened by "bursting” a number of experiments -
whenever the CSZ5116 sees free time. Interleave
is subordinate to burst calibrations, so INTRLV
could still be hard-wired low.

Microprocessor Interfac_e .

The,_CSZSllG features an intellige'nt-micro-
processor _interface which offers detailed status

Figure 6. Address/Control Bus Connections
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STATUS

PIN STATUS BIT DEFINITION .
N DO S0 END OF CONVERSION Falls upon comglelion of a conversion,
L . and returns high on the first subsequent read.
. oDt - 8 * RESERVED Reserved for factory use. | :
D2 82 LOW BYTEHIGH BYTE When data is to be read in an 8-bit format (BW=0},
B : o T - indicates which byte will appear at the output next.
D3 .- 83 "~ END OF TRACK When low, indicates the input has been acquired to
T ) ’ T the devlices specified accuracy. .
. D4 84 RESERVED Reserved forfactoryuse. =~
D5 . 85 TRACKING High when the device Is tracking the intput.
D6 S6 CONVERTING High when the device Is converting the held input.
7’

-D7 ~ CALIBRATING ~ High when the device Is callbrating. -

T e Table 2. Status Bit Definitions

s .

information and allows software control of the
self-calibration functions. Output data is
available in either 8- or 16-bit formats for easy
interfacing to industry-standard microprocessors.

Strobing ‘both CS and RD low enables the
CSZ5116’s 3-state output buffers with either
output data or status information depending on
the status of AQ. An address bit can be connected
to AO as shown in Figure 6 thereby memory
mapping the status register and output data.
Conversion status can be polled in software by
reading the status register (CS and RD strobed
low with AO low), and masking status bits S0-S5
and S7 (by logically AND’ing the status word
with 01000000) to determine the value of S6.
Similarly, the software routine can determine
calibration status using other status bits (see
Table 2). Care must be taken not to read the
status register (A0 low) while HOLD is low, or a
software reset will result (see Reset, page 70).

Di5 Di4 D13 Di2 bil DI D9 D8

D7 D6 DS D4 D3 D2 DI DO

Alternatively, the End-of-Convert (EOC) output
can be used to generate an interrupt or drive a
DMA controller to dump the output directly into
memory after each conversion. The EOC pin
falls as each conversion cycle is completed and
data is valid at the output. It returns high within
four master clock cycles of the first subsequent
data read operation or after the start of a new
conversion cycle. To interface with 16-bit data
busses, the BW input to the CSZ5116 should be
held high and all 16 data bits read in parallel.
With 8-bit buses, the converter’s 16-bit result’
must be read in two 8-bit bytes. In this instance,
BW should be held low and the MSB’s obtained
on the first read cycle following a conversion
and the LSB’s on the second. Both bytes appear
on pins DO-D7. The upper/lower bytes of the
same data will continue to toggle on subsequent
reads until the next conversion finishes. Status
bit S4 indicates which byte will appear on the

next data read operation.

s (XX [x [X[¥[x[x]¥]

[ s [s ] [ 5] 5] * Fuion

Bit Bus

Data ,|ﬁ|m4|ms|mz|gu [B10] B9 | Bs |

[B7|}§6‘BS‘B4|BSIBZIBIIBL|1

6
@W-1)

(AO-1)
[x[xIxTx[x{x[x{x]

*X" Denotes High Impedance Output

+

£

TB15]B14]B13 | B12 | B11[B10] B9 | BS | &BitBus

[7{Bs|vs | B4 D3 B2 |B1[BO| BW-O °

Figure 7. Data _Format_
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* The CSZ5116 internally buffers its output data

so data can be read while the device is tracking
or converting the next sample. Therefore,
refrieving the converter’s digital output requires
no reduction in ADC throughput. Enabling the 3-
statc outputs’ while the CSZ5116 is converting

will not introduce conversion errors. When TTL

loads are utilized the potential for crosstalk
between digital and analog sections of the
system is increased. This crosstalk is due to high
digital supply and signal currents arising' from
the TTL drive current required of each digital
output. Connecting CMOS logic to the digital
outputs is recommended. Suitable logic families
include 4000B, 74HC, 74AC, 74ACT, and
74HCT.

The two calibration control inputs, CAL and
INTRLYV, are level-triggered and latched on the
rising edge of CS. Calibration can be placed
under software control by connecting address

lines to the CAL and INTRLV inputs as shown "

in Figure 6. Any read or write cycle to the
CSZ5116’s base address will thereby initiate or
terminate calibration,

CSZ5116

+5V

INTRLV  RST le—— Reset
BW EOC [———» Latching . _
A0 Output

: . D15
Sampling S [P
HOLD

Clock . - « | 16Bit

cs Cszs1162 | Data
R‘—'D . Oul
CAL Do |-

Figure 8. Microﬂrocessor-lndependent Connections

Microprocessor Independent Operation

The CSZ5116 can be operated in a stand-alone
mode independent of intelligent control. In this
mode, CS and RD are hard-wired low
permanently enabling the 3-state output buffers.
A free-running condition is established when
BW is tied high, CAL is tied low, and HOLD is
continually strobed low or tied to EOT. The
CSZ5116’s EOC output can be used to externally

~ latch the output data if desired. With CS and RD

hard-wired low, EOC will strobe low for four
master clock cycles after each conversion. Data
will be unstable up to 100ns after EOC falls, so it
should be latched on the rising edge of EOC.

oD —\- I////I///II///II/////[---{_LLLLL R
“soata  Poviom N MBS YEi :x Bl \Fioiss

notes: 1. tgcan vary from 135ns 235ns over mxhtary temerature r. ange and over + 10% supply variation.

". 2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the
! first high to low transition of SCLK may be on clock #6 to #9. The timing relatlonshxp between SCLK,

SDATA EOC and EOT is ﬁxed

~

Flgure 9. Serial Output Timing
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Serial Output

derive their digital output serially starting with
the MSB. The CSZ5116 presents each bit to the

SDATA pin four master clock cyclés after it is’

derived and can be latched using the serial clock
output, SCLK. Just subsequent to each bit
decision SCLK will fall and return high once the

bit information on SDATA has stabilized. Thus,

the rising edge of the SCLK output should be
used to clock the data from the CSZSII6 (See
Figure 9)

ANALOG CIRCUIT CONNECTIONS :

Most popular successwe-approxxmanon AD
converters generate dynamic loads at their
analog connections. The CSZ5116 internally
buffers all analog inputs (AIN,. VREF, and

AGND) to ease the demands placed on external

circuitry. However, accurate system operation
still requires careful attention to details at the
design stage regarding source impedances as
well as grounding and decoupling schemes.

Reference Considerations

An apphcauon note titled "Voltage references for :

the CS501X/CSZ511X Series of AID Converters"
is available for the CSZ5116. In addition to

working through a reference circuit design

example, it offers seven buxlt-and tested
reference c1rcu1ts

VA-  CszZ5116

R =27 (G +0, lpoak -~

Figure 10, Reference Connections

All successive~approximati6n A/D converters

CSZ5116

During conversion, the members of the
calibrated capacitor array are switched between
VREF and AGND in a manner determined by
the successive-approximation algorithm. The
charging and discharging of the array results in a
current load at the reference. The CSZ5116

" includes an internal buffer amplifier to minimize

the external reference circuit’s drive requirement
and preserve the reference’s integrity. Whenever
the array is switched during conversion, the
buffer is used to pre-charge the array thereby
providing the bulk of the necessary charge. The
appropriate array capacxtors are then switched to

- the unbuffered VREF pm to avoid any errors due

to offsets and/or noise in the buffer.

The external reference circuitry need only
provide the residual charge required to fully
charge the array after pre-charging from the
buffer. This creates an ac current load as the
CSZ5116 sequences through conversions. The
reference circuitry must have a low enough
output impedance to drive the requisite current -

_ without changing its output voltage significantly.

As the analog input signal varies, the switching
sequence of the internal capacitor array changes.
The current load on the external reference
circuitry thus varies in response with the analog
input. Therefore, the external reference must not
exhibit significant peaking in its output

" impedance characteristic at signal frequenmes or

their harmomcs

A large capacitor. connected'between VREF and

.AGND can provide sufficiently low output

impedance at the high end of the frequency
spectrum, while almost all precision references'
exhibit extremely low output impedance at dec.
The presence of large capacitors on the output of
some voltage references, however, may cause
peaking in the output impedance at intermediate
frequencies. Care sfiould be-exercised to ensure
that significant peaking does. not exist or that
some form of compensation is prov1ded to
eliminate the effect.

DS24F3
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‘The magnitude of the current load on the

external reference circuitry will scale to the
master clock frequency, At full speed (4MHz
clock), the reference must supply a maximum
load current of 10pA peak-to-peak (1pA typical).
An output impedance of 2Q will therefore yield
a maximum error of 20V, With a 4.5V reference
and LSB size of 69V this would insure
approximately 1/4 LSB accuracy. A 10pF
capacitor exhibits an impedance of less than 20
at frequencies greater than 16kHz, and voltage
references with dc output impedances less than
one 2Q are readily available. A high-quality
tantalum capacitor in parallel with a smaller
ceramic capacitor is recommended. '

Peaking in the reference’s output impedance can

occur because of capacitive loading at its output.

Any peaking that might occur can be reduced by
placing a small resistor.in series with the
capacitors (Figure 10). The equation in Figure 10
can be used to help calculate the optimum value
of R for a particular reference. The term "fpeak"
is the frequency of the peak in the output
impedance of the reference before the resistor is
added. -

" The CSZ5116 can operate w1th a wide range of

reference voltages but signal-to-noise
performance is maximized by using as wide a
signal range as possible. The recommended
reference voltage is 4.5 volts. The CSZ5116 can
actually accept reference voltages up to the
positive analog' supply. However, the buffer’s
offset may increase as the reference voltage
approaches VA+ thereby increasing external
drive requirements at VREF. A 4.5V reference is
the maximum reference voltage recommended.
This allows 0.5V headroom for the internal
reference buffer, Also, the buffer enlists the aid
of an external 0.1uF ceramic capacitor which
must be tied between its output, REFBUF, and
the negative analog supply, VA-. For more

- information on references, consult "Application
Note: Voltage References for the CS501X -

CSZ511X Series of AID Converters".: -

Analog Input Connection .

The analog input terminal functions similarly to
the VREF input after each conversion when
switching into the track mode. During the first
six master clock cycles in the track mode, the
buffered version of the analog input is used for
pre-charging the capacitor array. An additional
period is required for fine-charging directly from
AIN to obtain the specified accuracy. Figure 11
exemplifies this operation. During pre-charge the
charge on the capac1tor array first settles to the
buffered version of the analog input. This
voltage is offset from the actual input voltage.
During fine-charge, the charge then settles to the
accurate unbuffered version.

+zoo'

+100 )
@ .
g Toer— e
E RIS I 7 Pre-Charge / Fine-Charge
) -
= L~
§ oo '

400

os 1.0 15 20 . 25
- Acqulsition Ttme (us) ) .
(DdlyfmnEDC)

Flgure 11, Internal Acqulsmon Time

The acquisition time of the CSZ5116 depends on

the master clock frequency: This is due to a fixed
pre-charge period. For instance, operating the
-16 version with an external 4MHz master clock
results in a 3.75ps acquisition time: 1.5ps for

_pre-charging (6 clock cycles) and 2.25ps for

fme—chargmg Fine-charge settling is specified as
a maximum of 2.25ps for an analog source
impedance of less than 2OOQ

In addition, the comparator requires a source
impedance of less than 4000 around 2MHz for
stability, which is met by practically all bipolar
op amps. Large dc source impedances can be
accommodated by adding capacitance from AIN

DS24F3
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to ground (typically 200pF) to decrease source
impedance at high frequencies. However, high
dc source resistances will increase the input’s RC
time constant and extend the necessary
acquxsmon ume - -

The CSZSll6 can track full power sxgnals up to
25kHz in the track mode. During the first six
clock cycles following a conversion, the
CSZ5116 is capable of slewing at 5V/ps in
unipolar mode. In bipolar mode, only half the
capacitor array is connected to the analog input
so the CSZ5116 can slew at 10V/ps. After the

first six master clock cycles, it.will slew at

0.25V/us in the unipolar mode and 0.5V/ps in
bipolar mode. Acquisition of fast slewing signals
(step functions) can be hastened if the step
occurs during or immediately following the
conversion cycle, For instance, channel selection
in multiplexed applications should occur while
the CSZ5116 is converting (see Figure 12).
Multiplexer settling is thereby removed from the
overall throughput equation, and the CSZ5116
can convert at full speed.

Analog Input RangelCoding Format

The reference voltage directly defines the input
voltage range in both the unipolar and bipolar
configurations. In the unipolar configuration
(BP/UP low), the first code transition occurs 0.5

LSB above AGND, and the final code transition

Coavert Channel N

- occurs 1.5 LSB’s below VREF. Coding is in

straight binary format. In the bipolar configura-
tion (BP/UP high), the first code transition
occurs 0.5 LSB above -VREF and the last
transition occurs 1.5 LSB’s below +VREF.
Coding is in an offset-binary format. Positive
full scale gives a digital output of
1111111111111111, and negative full scale gives
a digital output of 0000000000000000.

' Gfoﬁnding and Power Supﬁly Deéoupling

The CSZ5116 uses the analog ground
connection, AGND, only as a reference voltage.
No dc power currents flow through the AGND
connection, and it is completely independent of
DGND. However, any noise riding on the

- AGND input relative to the system’s analog

ground will induce conversion errors. Therefore,
both the. analog input and reference voltage
should be referred to the AGND pin, which
should be used as the entire system’s analog
ground. The digital and analog supplies are
isolated within the CSZ5116 and are pinned out
separately to minimize coupling between the
analog and digital sections of the chip. Al four

" supplies should be decoupled to their respective

grounds using 0.1uF ceramic capacitors. If -
significant lowfrequency noise is present on
the supplies, 1pF tantalum capacitors are
recommended in parallel with the 0.1pF
capamtors .

Convert Channel N+1

S I g 'Figure 12, Pipelined MUX Input Channels

DS24F3
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The positive digital power supply of the CSZ5116
must never exceed the positive analog supply by
more than a diode drop or the CSZ5116 could
experience permanent damage. If the two
supplies are derived from separate sources, care
must be taken that the analog supply comes up
first at power-up. The system connection
diagram on page 83 shows a decoupling scheme
which allows the CSZ5116 to be powered from a
single set of £ 5V rails. The positive digital
supply is derived from the analog supply through
a 10Q resistor to avoid the analog supply

droppmg below the digital supply. If this scheme

is utilized, care must be taken to insure that any

digital load currents (which flow through the °

10Q resistors) do not cause the magnitude of
digital supplies to drop below the analog
supplies by more than 0.5 volts. Digital supplies
must always remain above the minimum
speclficatlon .

As with any high-precision A/D converter, the
CSZ5116 requires careful attention to grounding
and layout arrangements. However, no unique
layout issues must be addressed to properly
apply the CSZ5116. The CDB5116 evaluation
board is available for the CSZ5116, which
avoids the need to design, build, and debug a
high-precision PC board to initially characterize
the part. The board comes with a socketed
CSZ5116, and can be quickly reconfigured to
. simulate any combination of sampling,
-calibration, master clock, and analog input range
condmons : .

CSZ5116 PERFORMANCE

" The CSZ5116 offers 100% tested dynanuc per-

formarice. Due to the broad range of operating
" conditions and performance requirements in
signal processing applications, the following
section is included to illustrate the CSZ5116’s
error sources and their effect on a s1gna1’
spectral content. .

g CSz5116 - -
T Slf'/of/(o |

FFT Tests and Windowing

In the factory, the CSZ5116 is tested using Fast
Fourier Transform (FFT) techniques to analyze
the converter’s dynamic performance. A pure
sinewave is applied to the CSZ5116, and a "time

‘record" of 1024 samples is captured and

processed. The FFT algorithm analyzes the
spectral content of the digital waveform and
distributes its energy among 512 “frequency

_ bins." Assuming an ideal sinewave, distribution

of energy in bins outside of the fundamental and
dc can only be due to quantxzatxon effects and
errors in the CSZ5116, . :

If samplmg is not synchronized to the input
sinewave, it is highly unlikely that the time
record will contain an integer number of periods
of the input sxgnal However, the FFT assumes
that the signal is periodic, and will calculate the
spectrum of a signal that appears to have large
discontinuities, thereby yielding a severely
distorted spectrum. To avoid this problem, the
time record is multiplied by a window function -

" prior to performing the FFT. The window

function smoothly forces the endpoints of the
time record to zero, thereby removing the
discontinuities. The effect of the. window in the
frequency-domain is to convolute the spectrum-
of the window with that of the actual input,

The quality of 't.he window used for harmonic

" analysis is typically judged by its highest side-

lobe level. The Blackman-Harris window used
for testing the CSZ5116 has a maximum side-
lobe level of -92dB. Figure 13 shows an FFT
computed from an ideal 16-bit sinewave
multiplied by a Blackman-Harris window.

~ Artifacts of windowing are discarded from the

signal-to-noise calculation using the assumption -
that quantization noise is white. All FFT plots in
this data sheet were derived by averaging -the
FFT results from ten time records. This filters the
spectral variability that can arise from capturing
finite time records without disturbing the total
energy outside the fundamental. All harmomcs

DS24F3
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and the -92dB side-lobes from the Blackman-
Harris window are therefore clearly visible in the
plots. For more information on FFT’s and
windowing refer to: EJ. HARRIS, "On the use of
windows for harmonic analysis with the Discrete
Fourier Transform", Proc. IEEE, Vol 66 No.

Jan 1978, ppSl 83 CR : .

Nonlinearity

Analog -to- d1g1ta1 converters have tradmonally
been specified using dc specifications such as
Integral and Differential Nonlinearity at worst-
case points on the transfer curve. These
specifications are not particularly useful in signal
processing applications since they offer little
information on the overall shape of converter’s
transfer curve, and therefore do not directly
correlate to the converter’s effect ona 31gna1’
spectral content. :
Integral Nonhneanty (INL; also termed Relauve
Accuracy or just Nonlinearity) is defined as the
- deviation of the transfer function from an ideal

straight line. Bows and waves in the transfer -

curve generate harmonic distortion. However,
the most prevalent source of nonlinearity in
high-resolution converters is bit-weight errors;
-that is, the deviation of bits from their ideal
binary-weighted ratios. At dc, bit-weight errors

X L e
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- Csz5116

T:S(+10~1

most v1s1b1y affect the converter’s Dxfferenualb
Nonlinearity, or the deviation of codes from their
ideal widths. Due to the limitations of factory
trim techniques, the worst-case condition of bit-

" weight errors has traditionally also defined the

point of maximum INL.

Bit—weight errors have a drastic effect on a
converter’s ac performance. They can be
analyzed as step functions superimposed on the
input signal. Since bits (and their errors) switch
in and out throughout the transfer curve, their
effect is signal dependent. That is, harmonic and
intermodulation distortion, as well as noise, can
vary with different input conditions. Designing a
system around characterization data is risky
since transfer curves can differ drastically unit-

" to-unit and lot-to-lot.

The CSZ5116 achleves repeatable 51gna1 -to-
noise and harmonic distortion performance using
an on-chip self-calibration scheme. The
CSZ5116 calibrates its bit weights to + 1/4 LSB
at 16-bits (£ 0.0004% FS) yielding peak
distortion as low as -105dB (see Figure 14).
Unlike traditional ADC’s, the linearity of the
CSZ5116 is not limited by bit-weight errors; its
performance is therefore extremely repeatable
and independent of input signal conditions.

0dB -
) S/(N+D): 97548 | Sampling Rate: 50 kHz
- -20dB e -20dB Full Scale: 8V p-p
. > . S/(N+D): 924 dB
T ‘4odB . . o “ T -40dB
PR M ™ -60d8
Signa! ~ e - — Signal
Amplitude -80dB . sreiennast - iasarsbinsesanen Amplitude -80dB
Ralative to - S - : Rolative to
F IScale _yondp - e : R FullScale 0045
) 12048 Sl 1208
dc : e : ;
o C InputFrequenq- el - o - |nputFrequenoj S
' Flgure 13, FFI‘ Plot ot‘ Ideal 16-b1t Slgnal T Flgure 14, FFT Plot with 1kHz
e T . ’ o o7 Full-ScaleInput |
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Sampling Distortion

The ultimate limitation on the CSZ5116’s
linearity (and distortion) arises from nonideal
sampling of the analog input voltage. The
calibrated capacitor array used during
conversions is also used to track and hold the

_analog input signal. The conversion is not

performed on the analog input voltage per se, but
is actually performed on the charge trapped on
the capacitor array at the moment the HOLD
command is given. The charge on the array is
ideally related to the analog input voltage by Qin
= -Vin X Cot as shown in Figure 2. Any
deviation from this ideal relationship will result

" in conversion errors even if the conversion’

process proceeds flawlessly.

At dc, the DAC capacitor array ’s voltage

coefficient dictates the converter’s linearity. This
variation in capacitance with respect to applied
signal voltage yields a nonlinear relationship
between charge Qin and the analog input voltage
Vin and places a bow or wave in the transfer
function. This is the dominant source of
distortion at low input frequencies (Figure 14). -

The fdeal relationship between Qin and Vin can
also be distorted at high signal frequencies due to

Sampling Rate: 50 kHz
-20dB : Full Scale: 8V p-p
S/(N+D): 84.34dB
= -40dB
Signal ~  -60dB
amplimde
elative to
Full Scale -80dB
T 000B e |
R l l 3 | | I
" .120dB '
T & 12kHz —t 25 kHz —4

Input Frequency

Figure 16. FFT Plots of 12kHz Signals at Full-Scale and 20dB Beiow Full-Scale

CSZ5116
100dB
. 1kHz
80dB él}_‘ﬂh
24 kM2
/ Input
60dB Frequency

404B | | /
/
204B /
4
0aB L— /

-100dB -80dB -60dB -40dB -20dB  0dB
Analog Input Amplitude

Figure 15, S/(N+D) vs. Input Amplitude
(9V p-p Full-Scale Input)

nonlinearities in the internal MOS switches.
Dynamic signals cause ac current to flow
through the switches connecting the capacitor
array to the analog input pin in the track mode.
Nonlinear on-resistance in the switches causes a
nonlinear voltage drop. This effect worsens with
increased signal frequency as shown in Figure 15
since the magnitude of the steady state current
increases. First noticeable at 1kHz, this distortion
assumes a linear relationship with input frequen-
cy. With signals 20dB or more below full-scale,
it no longer dominates the converter’s overall

S/(N+D) performance (Figure 16).
odB
Sampling Rate: 50 kHz
-20dB Full Scale: 8V p-p
) - : S/(N+D): 71.9dB
-40dB
Signal  -60dB
leplitude
elative to
Full Scale -80dB
-100dB
-120dB '
& - 12kHz —* 25 kHz —*

lnpyt Frequency -
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4 1kHz

d 25 kHz —*
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Input Frequency

This distortion is strictly an ac sampling
phenomenon. If significant energy exists at high
frequencies, the effect can be eliminated using an
external track-and-hold amplifier to allow the
array ’s charge current to decay, thereby eliminat-
ing any voltage drop accross the switches. Since
the CSZ5116 has a second sampling function
on-chip, the external track-and-hold can return to
the track mode once the converter’s HOLD input
falls. It need only acquire the analog input by the
time the entire conversion cycle finishes. .

Quantization Noise

The error due to quantization of the analog input
" ultimately dictates the accuracy of any A/D
converter. The continuous analog input must be
represented by one of a finite number of digital
codes, so the best accuracy to which an analog
input.can be known from its digital code is
~# 1/2 LSB. Under circumstances commonly
encountered in signal processing applications,
this quantization error can be treated as a random
yariable. The magnitude of the error is limited to
+ 1/2 LSB, but any value within this range has
equal probability of occurance. Such a
probability distribution leads to an error "signal”

with an rms value of 1 LSBA12. Using an rms’

signal value of FSA8 (amplitude = FS/2), this

Figure 17. FFT plots of 1kHz Signals 60dB and 80dB Below Full Scale

580
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-20dB Full Scale: 9V p-p
S/{N+D):9.6 dB
-40dB
Signal ~ -60dB
IF\‘n}plltude
elative to -
Full Scale -80dB
-100dB
. -120dB
: t—1kHz 25 kHz —*

dc
. input Frequency -

Equally important is the spectral content of this
error signal. It can be shown to be approximately
white, with its energy spread uniformly over the
band from dc to one-half the sampling rate.
Advantage of this characteristic can be made by
judicious use of filtering. If the signal is ’
bandlimited, much of the quantization error can
be filtered out, and improved system perfor-
mance can be attamed .

As lllustrated in Flgures 15 and 17, the_
CSZ5116°s on-chip self-calibration provxdes'
very accurate bit weights which yield no
degradation in quantization noise with low-level
input signals. In fact, quantization noise remains
below the noise floor in the CSZ5116 which-
dictates the converter’s signal-to-noise
performance. ' '

Clock Feedthrough <

Mamtammg the integrity of analog 51gnals in the
presence of digital switching noise is a difficult
problem. The CSZ5116 can be synchronized to
the digital system using the CLKIN input to
avoid conversion errors due to asynchronous
interference. However, digital interference will
still affect sampling purity due to coupling

" between the CSZ5116’s analog mput and master -

relates to an ideal 16 blt mgnal—to-noxsc ratlo of clock. N
98.1dB. . - R e
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The effect of clock feedthrough depends on the
sampling conditions. If the sampling signal at the
HOLD input is synchronized to the master clock,

clock feedthrough will appear as a dc offset at

the CSZ5116’s output. The offset could theoreti-
cally reach the peak coupling magnitude (Figure
18), but the probability of this occurring is small
since the peaks are spikes of short duration.

Master Clock Analog Input Clock Feedthrough
InVExt  Freq | Source Impedance] RMS Pesak-to-Peak
Intemal 2MHz 500 15uv 70uV
External 2MHz 500 25uV - 110uV
External 4MHz 500 40uV 150uV
External 4MHz 250 25uV 110uV
External 4MHz 2000 80uV 325uV

Figure 18, Examples of Measured Clock Feedthrough

If sampling is performed asynchronously with
the master clock, clock feedthrough will appear
as an ac error at the CSZ5116’s output. With a
fixed sampling rate, a tone will appear as the
clock frequency aliases into the baseband. The
tone frequency can be calculated using the
equation below and could be selectively filtered
in software using DSP techniques.

lone = (Nf clk)

where N=fc|k/f roundedto the nearest integer ,7

The magnitude of clock feedthrough depénds on

the master clock conditions and the source

impedance applied to the analog input. When
operating with the CSZ5116’s internally
generated clock, the CLKIN input is grounded
and the dominant source of coupling is through
the device’s substrate. As shown in Figure 18, a
typical CSZ5116 operating with its internal
oscillator at 2MHz and 50Q of analog input
source impedance will exhibit only 154V rms of
clock feedthrough (-116dB with a 9V p-p full
scale). However, if a 2MHz external clock is

applied to CLKIN under the same conditions,
feedthrough increases to 25V rms(-111dB).
Feedthrough also increases with clock frequen-
cy; a 4MHz clock yields 404V rms (-107dB).
Clock feedthrough can be reduced by limiting
the source impedance applied at the analog
input. As shown in Figure 18, reducing source
impedance from 50Q to 25Q yields a 154V rms
reduction in feedthrough. Therefore, when
operating the CSZ5116 with high-frequency
external master clocks, it is important to
minimize source impedance applied to the

. CSZ5116’s input.

Also, the overall effect of clock feedthrough can
be minimized by maximizing the input range and
LSB size. The reference voltage applied to
VREF can be maximized, and the CSZ5116 can
be operated in bipolar mode which inherently
doubles the LSB size over the unipolar mode.

Aperture Jitter

Track-and-hold amplifiers commonly exhibit
two types of aperture jitter. The first, more
appropriately termed "aperture window", is an
input voltage dependent variation in the aperture
delay. Its signal-dependancy causes distortion at
high frequencies. The CSZ5116’s proprietary
architecture avoids applying the input voltage
across a sampling switch, thus avoiding any
"aperture window" effects. The second type of
aperture jitter assumes a random nature and
appears in an FFT as a spreading in the
fundamental. With only 100ps peak-to-peak
aperture jitter, the CSZ5116 can process full-

scale signals up to 24kHz with 16-bit accuracy.

Power Supply Rejectzon

The CSZ5116’s power supply rejection
performance is enhanced by the on-chip self-
calibration and an "auto-zero" process. Drifts in
power supply voltages at frequencies less than
the calibration rate have negligible effect on the
CSZ5116’s accuracy. This, of course, is because

DS24F3
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the CSZ5116 adjusts its offset to within a small
fraction of an LSB during calibration. Above the
calibration frequency the excellent power supply LT Ll . .
rejection of the internal amplifiers is augmented T - ' e : ‘
by an auto-zero process. Any offsets are stored S Ca : .
on the capacitor array and are effectively -~~~ - {
subtracted once conversion is initiated. Figure 19 S T o

shows power supply rejection of the CSZ5116 in e : < l
the bipolar mode with the analog input grounded , ~ ‘
and a 300mV p-p ripple applied to each supply
Power supply rejectlon nnproves by 6dB in the
unipolar mode. . . - s :

3

3

3

[

Power Supply Rejuction (4B)
7
ra

-}

8

1kHz - 10kHz 100 kiHz 1 MHz
Power Supply Ripple Frequency

Flgure 19, Power Supply Rejectlon .

Notches of increased rejection arise from the

auto-zeroing at the conversion rate. The frequen--

cies at which these notches occur also depend on

the value of the captured analog input. The line

shows worst-case rejection for all combinations :

of conversion rates and input conditions in the - : -
bipolar mode. Again, power supply re_)ectlon 1s ST

6dB better in the unipolar mode. N S
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HOID € CAL INTRLV RD A0 RST Function
[ X X X X * 0 Hold and Start Convert
X 0 1 X X * 0 Initiate Burst Calibration
1 0 0 X X * 0 Stop Burst Cal and Begin Track
X 0 X 0 X * 0 Initiate Interleave Calibration
X 0 X 1 X * 0 Terminate Interleave Cal
X 0 X X 0 1 0 Read Output Data
1 0 X X 0 0 0 Read Status Register
X 1 X X X * X High Impedance Data Bus
X X X X 1 * X High Impedance Data Bus
X X X X X X 1 Reset
0 0 X X X 0 X Reset ]
% The status of A0 is not critical to the operation specified. However, A0 should not be low with CS and HOLD low, or a software
reset will result. . - : .
CSZ5116 Truth Table
Zﬁl oz o - ) 100
Supply = {25 lu ] o.1hr
o@p VAs VD: |,
BW Mode
. BPR/UP |24 Select l
CLKIN[20 Souc |
ional
525116 fpionah |- ..
0 Serial i
SDATA Data
SCLK |32 | Interface
(optional)
Analog Si
" gnal 26 Data |
2151:‘ ©————1 Conditioning | —=2 AIN DO-DIS |[8orl6 Processor
/ Boc 8 — Lo
0 — VREF EoT |37 microprocessor
+V§§3F HOLD L or discrete logic.
- CAL |35 Control
INTRLV|34 Logic
. cs L&l
) Voltage 28} rep © D2
Reference _-_l-J__OO_ll&F Aol -
T e
10]uf 211 AGND sT 3L
_L_ 2 lrerBUF DGND 10, 1
) V4 UE  oalr VA VD-.| O.IF
s T :
i Analog o i T /{9\9\' T .
Supply ’
System Connection Diagram
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PIN DESCRIPTIONS
- Hop WO (1@ u 40{) SDATA  SERIAL OUTPUT
DATABUS BIT 0 Do [|2 39[] SCLK  SERIAL CLOCK
. DATABUSBIT 1 D1 |3 . 38]] EOC END OF CONVERSION
DATABUS BIT 2 D2 [4 ogpeqqg O7[) EOT  ENDOFTRACK
DATABUS BIT 3 p3 [s 36[] vD- NEGATIVE DIGITAL POWER
- DATABUS BIT 4 D4 [l6 as[] cAL CALIBRATE
DATABUS BIT5 os 7 ° = 34[] INTRLV INTERLEAVE
DATABUS BIT 6 os [i8 33]] Bw BUS WIDTH SELECT
DATABUSBIT7 - D7 []9 32]] RsT RESET
oo DIGITAL GROUND DGND []10 31{] TsT TEST
- POSITIVE DIGITALPOWER ~ VD+ [11 sof] va- NEGATIVE ANALOG POWER
DATABUS BIT 8 D8 [J12 29[] REFBUF REFERENGE BUFFER OUTPUT
DATABUS BIT® D9 [j13 28{] VREF  VOLTAGE REFERENCE
DATABUSBIT10 D10 [[14 _ 27]] AGND  ANALOG GROUND
DATABUSBIT11 DIt [ji5 ~ - 261 AN ANALOG INPUT
DATABUSBIT12 D12 [}16 25[] VA« POSITIVE ANALOG POWER
DATABUSBIT13 D13 []17 24[] BP/UP  BIPOLAR/UNIPOLAR SELECT
DATABUSBIT14 D14 [{18 23[] A0 READ ADDRESS
DATABUSBIT15 D15 19 22[1 RD READ -
CLOCK INPUT CLKIN {]20 - 21 CS CHIP SELECT -
Power Supply Connections
VD+ - Positive Digital Power, PIN 11.
Positive digital power supply. Nominally +5 volts.
VD- - Negative Digital Power, PIN 36.
Negative digital power supply. Nominally -5 volts.
DGND - Digital Ground, PIN 10.
Digital ground reference.
VA+ - Positive Analog Power, PIN 25.
Positive analog power supply. Nominally +5 volts.
VA- - Negative Analog Power, PIN 30.
Negative analog power supply. Nominally -5 volts. -
7-84 - DS24F3




}0585 D

T 5//0 /0

CRYSTAL SEMICONDUCTOR 01 .DE 254kL324 0000585

-4y . CSZ5116

AGND - Analog Ground, PIN 27.
Analog ground reference. .- -. -

Osczllator

CLKIN Clock Input, PIN 20
" All conversions and cahbratlons are tlmed from a master clock which can either be supphed by
dnvmg this pm with an external clock signal, or can be mtemally generated by tying this pin to

Digital Inputs .

HOLD - Hold, PIN 1
A falling transition on this pin sets the CSZ5116 to the hold state and initiates a conversion.
This input must remain low at least one master clock cycle plus 50ns. .

CS - Chip Select, PIN 21 }
When high, the data bus outputs are held ina hlgh nnpedance state and the inputs to CAL and
INTRLYV are ignored. A falling fransition initiates or terminates burst or interleave calibration
(depending on the status of CAL and INTRLYV) and a rising transition latches both the CAL and
INTRLYV inputs. If RD is low, the data bus is driven as indicated by BW and AO.

RD - Read, PIN 22,
When RD and CS are both low, data is dnven onto the data bus. If elther signal is high, the data
bus outputs are held in a high impedance state. The data driven onto the bus is determmed by
BW and AO :

A0 - Read Address, PIN 23
Determines whether data or status information is placed onto the data bus When hlgh durmg
the read operation, converted data is placed onto the data bus when low, the status register is
dnven onto the bus - :

BP/UP Blpolar/Umpolar Input Select, PIN 24 .
When high, the device is configured with a blpolar transfer function rangmg from -VRER to
+VREF. Encoding is in an offset binary format, with the mid-scale code 100...0000 centered at
AGND. When low, the device is configured for a unipolar transfer function from AGND to
VREE.
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RST - Reset, PIN 32,

When taken high, all internal dlgltal logic is reset. Upon teturmg low, a full calibration
sequence is mmated.

BW - Bus Width Select, PIN 33.
When high, all 16 data bits are driven onto the bus simultaneously during a data read cycle.
When low, the bus is in a byte wide format. On the first read following a conversion, the eight - -
MSB’s are driven onto D7-D0. A second read cycle places the eight LSB’s on D7-D0.
Subsequent reads will toggle the higher/lower order bytes of the same data until the next -
conversion completes. Regardless of BW’s status, a read cycle with AO low yields the status
information on D7-D0. -

INTRLY - Interleave, PIN34.
When latched low using CS, the device goes into interleave calibration mode. A full calibration
will complete every 72,192 conversions. The effective conversion time extends by 20 clock
cycles

CAL - Calibrate, PIN 35, (See note on page 89. )
When latched high using CS, burst calibration results. The devxce cannot perform conversions
during the calibration period which will terminate only once CAL is latched low again.
Calibration picks up where the previous calibration left off, and calibration cycles complete
every 1,443,840 master clock cycles. If the device is converting when a calibration is signaled,
it will wait until that conversion completes before beginning calibration.

Analog Inputs -

AIN - Analog Input, PIN 26.
Input range in the unipolar mode is zero volts to VREF. Input range in the bipolar mode is
-VREF to +VREE The output impedance of buﬁ'er driving this mput should be less than or
equal to 2009.

VREF - Voltage Reference, PIN 28.
The analog reference voltage which sets the analog input range. It represents positive full scale
for both bipolar and umpolar operation, and its magnitude sets negative full scale in bipolar
mode

Digital Outputs

DO through D15 - Data Bus Outputs, PINS 2 thru 9, 12 thru 19.
Tri-state output pins. Enabled by CS and RD, they offer the converter’s 16-bit output in a
format consistent with the state of BW if A0 is high. If A0 is low, bits D0-D7 offer the status
register. . .
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EOT - End Of Track, PIN 37.
If low, indicates that enough time has elapsed since the last conversion for the devrce to acqmre
the analog input signal (3.75ps for 4MHz external clock). : :

EOC- End Of Conversion, PIN 38. i : . -
This output indicates the end of a conversion or reset cahbratron cycle It is hrgh during a
conversion and will fall to a low state upon completion of the conversion cycle indicating valid
data is available at the output. Returns high on the first subsequent read or the start of a new
conversion cycle,

SDATA - Serial Output, PIN 40. -
Presents each output data bit after it is determmed by the successive approxrmatlon algonthm
Valid on the rising edge of SCLK, data appears MSB first, LSB last, and each bit remains valid
until the next bit appears.

SCLI( Serlal Clock Output, PIN 39.
Used to clock converted output data serially from the CSZ5116 Senal data is stable on the
rising edge of SCLK.

b

Analog Ouiputs

REFBUF - Reference Buffer Output, PIN 29. )
Reference buffer output. A 0. 1yF ceramic capacitor must be tied between this pin and VA-

Miscellaneous

TST - Test, PIN 31. -
Allows access to the CSZSll6’s test functrons which are reserved for factory use, Must be tied
to DGND . . .
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ERROR DEFINITIONS

Peak Harmomc or Spurlous Noise (More accurately, Signal to Peak Harmonic or Spurious Noise) -
The ratio of the rms value of the signal to the rms value of the next largest spectral component
below the Nyqulst rate (excepting dc). This component is often an aliased harmonic when the
s1gnal frequency isa sxgmficant proportlon of the sampling rate. Expressed in decibels.

Total Harmomc Dlstortxon The ratio of the rms sum of all harmonics to the rms value of the signal.
Units in percent.

Signal- to-Noxse Ratio - The ratio of the rms value of the signal to the rms sum of all other spectral
‘ components below the Nyqulst rate (exceptmg dc), mcludmg distortion components. Expressed
m decibels. .

Full Scale Error The devxauon of the last code transition from the ideal (VREF-3/2 LSB’s) after all
offsets have been extemally compensated Units in LSB S.

Umpolar Offset The devxauon of the fu'st code transition from the ideal (1/2 LSB above AGND)
when in umpolar mode (BP/UP low). Units in LSB’s.

Bipolar Offset - The deviation of the mld-scale transition (011...111 to 100...000) from the ideal
(1/2 LSB below AGND) when in bipolar mode (BP/UP high). Units in LSB’s.

Blpolar Zero Error - The deviation of the first code transition from the ideal (1/2 LSB above -VREF)
when i in blpolar mode (BP/UP high). Units in LSB’s.

Wt

Aperture Tlme The time required after the hold command for the sampling switch to open fully
Effectively a sampling delay which can be nulled by advancing the sampling s1gna1 Units in
nanoseconds. - .

Aperture Jitter - The range of variation in the aperture time. Effectively the "sampling window"
which ultimately dictates the maximum mput signal slew rate acceptable for a given accuracy.
Units in p1coseconds

Note: Temperatures specified define ambient conditions in free-alr during test and do not refer to the
' ~ junction temperature of the device.
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Ordering Guide _ :
Model Signal to Noise Ratio  Throughput Temp. Range Package
CSZ5116-JC32 87dB 26.5 kHz 0to70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-JC16 87dB 50 kHz 0to 70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-KC32 90 dB 26.5 kHz 0to70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-KC16 - 90dB 50 kHz 0to70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-LC32 92 dB 26.5 kHz 010 70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-LC16 92dB 50 kHz 0to70°C 40-Pin Ceramic Side-Brazed DIP
CSZ5116-AC32 87 dB 26.5 kHz -401t0 +85°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-AC16 87dB . 50 kHz -40t0 +85°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-BC32 90dB 26.5 kHz -40to +85°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-BC16 90dB 50 kHz -401t0 +85°C  40-Pin Ceramic Side-Brazed DIP
CS8Z5116-CC32 92dB . 26.5kHz -4010 +85°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-CC16 92dB 50 kHz -4010 +85°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-SC16 - ~ 87dB 50 kHz 6510 +125°C  40-Pin Ceramic Side-Brazed DIP
CSZ5116-TC16 90dB 50 kHz -55t0 +125°C  40-Pin Ceramic Side-Brazed DIP
C8Z5116-UC16 92dB - 50kHz 5510 +125°C  40-Pin Ceramic Side-Brazed DIP
ADDENDUM
Burst Calibration

Burst calibration mode allows control of partial calibration cycles. Due to an unforeseen condition
inside the part, asynchronous termination of calibration (CAL brought low) may result in a sub-optimal
calibration result. It is recommended that burst calibration is not used, until the silicon is revised to
prevent this effect. '

The reset and interleave mode work 'pexr'fectly, and should be used instead of burst mode. The
CSZ5116’s very low drift over temperature means that, under most circumstances, calibration need
only be performed at power-up, using reset.

If you wish to use burst calif)ration, then please contact the factory for advice and new part availability
information.
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