Semiconductor Corporation

CS5016 CS5014 CS5012A

16, 14 & 12-Bit, Self-Calibrating A/D Converters

Features

® Monolithic CMOS A/D Converters

Microprocessor Compatible
Parallel and Serial Output
Inherent Track/Hold Input

® True 12, 14 and 16-Bit Precision

® Conversion Times:
CS5016 16.25 us
CS5014 14.25 us
CS5012A 7.20 us

® Self Calibration Maintains Accuracy

Over Time and Temperature

® | ow Power Dissipation: 150 mW

® | ow Distortion

General Description

The CS5012A/14/16 are 12, 14 and 16-bit monolithic
analog to digital converters with conversion times of
7.2us, 14.25us and 16.25pus. Unique self-calibration cir-
cuitry insures excellent linearity and differential non-
linearity, with no missing codes. Offset and full scale
errors are kept within 1/2 LSB (CS5012A/14) and
1 LSB (CS5016), eliminating the need for calibration.
Unipolar and bipolar input ranges are digitally select-
able.

The pin compatible CS5012A/14/16 consist of a DAC,
conversion and calibration microcontroller, oscillator,
comparator, microprocessor compatible 3-state 1/O,
and calibration circuitry. The input track-and-hold, in-
herent to the devices’ sampling architecture, acquires
the input signal after each conversion using a fast
slewing on-chip buffer amplifier. This allows throughput
rates up to 100 kHz (CS5012A), 56 kHz (CS5014) and
50 kHz (CS5016).

An evaluation board (CDB5012/14/16) is available
which allows fast evaluation of ADC performance.

ORDERING INFORMATION: Pages 2-45, 2-46, & 2-47
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CS5012A ANALOG CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V;
VA-, VD- = -5V; VREF = 2.5V to 4.5V, fck = 6.4 MHz for -7, 4 MHz for -12; Analog Source Impedance = 200Q)

CS5012A-B
Parameter* Min  Typ Max Units
Specified Temperature Range -40 to +85 °C
Accuracy
Linearity Error (Note 1) +1/4  £1/2 LSB12
Drift (Note 2) +1/8 ALSB12
Differential Linearity (Note 1) +1/4  +1/2 LSB12
Drift (Note 2) +1/32 ALSB12
Full Scale Error (Note 1) +1/4  £1/2 LSB12
Drift (Note 2) +1/16 ALSB12
Unipolar Offset (Note 1) +1/4  £1/2 LSB12
Drift (Note 2) +1/16 ALSB12
Bipolar Offset (Note 1) +1/4  +1/2 LSB12
Drift (Note 2) +1/16 ALSB12
Bipolar Negative Full-Scale Error(Note 1) +1/4  £1/2 LSB12
Drift (Note 2) +1/16 ALSB12
Total Unadjusted Error (Note 1) +1/4 LSB12
Drift (Note 2) 11/4 ALSB12
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise
Full Scale, 1 kHz Input 84 92 dB
Full Scale, 12 kHz Input 84 88 dB
Total Harmonic Distortion 0.008 %
Signal-to-Noise Ratio (Note 1)
1 kHz, 0 dB Input 72 73 dB
1 kHz, -60 dB Input 13 dB
Noise (Note 3)
Unipolar Mode 45 MVrms
Bipolar Mode 90 MVims

Notes: 1. Applies after calibration at any temperature within the specified temperature range.
2. Total drift over specified temperature range since calibration at power-up at 25 °C
3. Wideband noise aliased into the baseband. Referred to the input.

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.

2-8 DS14F7



CS5012A

CS5012A ANALOG CHARACTERISTICS (continued)

CS5012A-B
Parameter* Min  Typ Max Units
Specified Temperature Range -40 to +85 °C
Analog Input
Aperture Time 25 ns
Aperture Jitter 100 ps
Input Capacitance (Note 4)
Unipolar Mode pF
CS5012A 103 137 pF
Bipolar Mode pF
CS5012A 72 96 pF
Conversion & Throughput
Conversion Time -7 (Notes 5 and 6) 7.2 us
Acquisition Time -7 (Note 6) 25 28 us
Throughput -7 (Note 6) 100 kHz
Power Supplies
DC Power Supply Currents (Note 7)
A+ 12 19 mA
IA- -12 -19 mA
D+ 3 6 mA
(CS5012A) ID+ 6 7.5 mA
ID- -3 -6 mA
Power Dissipation (Note 7) 150 250 mw
Power Supply Rejection (Note 8)
Positive Supplies 84 dB
Negative Supplies 84 dB

Notes: 4. Applies only in track mode. When converting or calibrating, input capacitance will not exceed 15 pF.
5. Measured from falling transition on HOLD to falling transition on EOC.
6. Conversion, acquisition, and throughput times depend on CLKIN, sampling, and calibration conditions.
The numbers shown assume sampling and conversion is synchronized with the CS5012A/14/16 's
conversion clock, interleave calibrate is disabled, and operation is from the full-rated, external clock.
Refer to the section Conversion Time/Throughput for a detailed discussion of conversion timing.

7. All outputs unloaded. All inputs CMOS levels.

8. With 300 mV p-p, 1 kHz ripple applied to each analog supply separately in bipolar mode. Rejection
improves by 6 dB in the unipolar mode to 90 dB. Figure 13 shows a plot of typical power supply
rejection versus frequency.

DS14F7
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CS5014 ANALOG CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V;
VA-, VD- = -5V; VREF = 4.5V; CLKIN = 4 MHz for -14, 2 MHz for -28; Analog Source Impedance = 200Q)

CS5014-B
Parameter* Min  Typ Max Units
Specified Temperature Range -40 to +85 °C
Accuracy
Linearity Error (Note 1) +1/4 +£1/2 LSB14
LSB14
Drift (Note 2) +1/8 ALSB14
Differential Linearity (Note 1) +1/4  +1/2 LSB14
Drift (Note 2) +1/32 ALSB14
Full Scale Error (Note 1) +1/2 #*1 LSB14
Drift (Note 2) +1/4 ALSB14
Unipolar Offset (Note 1) +1/4  +3/4 LSB14
LSB14
Drift (Note 2) +1/4 ALSB14
Bipolar Offset (Note 1) +1/4  +3/4 LSB14
LSB14
Drift (Note 2) +1/2 ALSB14
Bipolar Negative Full-Scale Error(Note 1)
+1/2 +1 LSB14
LSB14
Drift (Note 2) +1/4 ALSB14
Total Unadjusted Error (Note 1) +1 LSB14
Drift (Note 2) *1 ALSB14
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise
Full Scale, 1 kHz Input 94 98 dB
dB
Full Scale, 12 kHz Input 84 87 dB
dB
Total Harmonic Distortion 0.003 %
Signal-to-Noise Ratio (Notes 1 and 9)
1 kHz, 0 dB Input 82 84 dB
dB
1 kHz, -60 dB Input 23 dB
Noise (Note 3)
Unipolar Mode 45 MVrms
Bipolar Mode 90 MVims

Notes: 9. A detailed plot of S/(N+D) vs. input amplitude appears in Figure 26 for the CS5014 and Figure 28
for the CS5016.

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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CS5014

CS5014 ANALOG CHARACTERISTICS (continued)

CS5014-B
Parameter* Min  Typ Max Units
Specified Temperature Range -40 to +85 °C
Analog Input
Aperture Time 25 ns
Aperture Jitter 100 ps
Input Capacitance (Note 4)
Unipolar Mode 275 375 pF
Bipolar Mode 165 220 pF
Conversion & Throughput
Conversion Time -14 (Notes 5 and 6) 14.25 us
Acquisition Time  -14 (Note 6) 3.0 3.75 [VES
Throughput -14 (Note 6) 55.6 kHz
Power Supplies
DC Power Supply Currents (Note 7)
A+ 9 19 mA
IA- -9 -19 mA
ID+ 3 6 mA
ID- -3 -6 mA
Power Dissipation (Note 7) 120 250 mw
Power Supply Rejection (Note 8)
Positive Supplies 84 dB
Negative Supplies 84 dB
DS14F7 2-11



VA-, VD- =
Synchronous Sampling.)

CS5016
]

CS5016 ANALOG CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V;

-5V; VREF = 4.5V; CLKIN = 4 MHz for -16, 2 MHz for -32; Analog Source Impedance = 200Q;

CS5016-J, K CS5016-A, B CS5016-S, T
Parameter* Min  Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0to +70 -40 to +85 -55 to +125 °C
Accuracy
Linearity Error J,A'S (Note 1) 0.002 0.003 0.002 0.003 0.002 0.0076] %FS
K,B, T 0.001 0.0015 0.001 0.0015 0.001 0.0015 %FS
Drift (Note 2) +1/4 11/4 +1/4 ALSB16
Differential Linearity (Note 10)| 16 16 16 Bits
Full Scale Error J,A'S (Note 1) +2 +3 2 +3 12 +4 | LSB16
KB, T 2 3 2 3 +2  +3 | LSBie
Drift (Note 2) +1 +1 +2 ALSB16
Unipolar Offset J,A'S (Note 1) +1 +2 +1 3 1 +4 | LSB16
K,B, T 1 £3/2 1 43 +1 +3 | LSB1e
Drift (Note 2) +1 +1 +2 ALSB16
Bipolar Offset J,A'S (Note 1) +1 +2 +1 12 +1 +4 | LSB1g
KB, T 1 £3/2 1 #2 +1  +2 | LSBie
Drift (Note 2) +1 +2 +2 ALSB16
Bipolar Negative Full-Scale Error(Note 1)
J,A'S 12 13 12 +3 12 +5 | LSB1s
KB, T 2 3 2 3 +2  +3 | LSBie
Drift (Note 2) +1 42 +2 ALSB16
Dynamic Performance (Bipolar Mode)
Peak Harmonic or (Note 1)
Spurious Noise
Full Scale, 1 kHz Input J,A,'S| 96 100 96 100 92 100 dB
K, B, T| 100 104 100 104 100 104 dB
Full Scale, 12 kHz Input J,A'S 85 88 85 88 82 88 dB
K,B, T| 85 91 85 91 85 91 dB
Total Harmonic Distortion J,A'S 0.002 0.002 0.002 %
Full Scale, 1 kHz Input K,B, T 0.001 0.001 0.001 %
Signal-to-Noise Ratio (Notes 1 and 9)
1 kHz, 0 dB Input J,A'S| 87 90 87 90 84 90 dB
K,B, T| 90 92 90 92 90 92 dB
1 kHz, -60 dB Input J,A'S 30 30 30 dB
K,B, T 32 32 32 dB
Noise (Note 3)
Unipolar Mode 35 35 35 MVrms
Bipolar Mode 70 70 70 UVrms

Notes: 10. Minimum resolution for which no missing codes is guaranteed

* Refer to Parameter Definitions (immediately following the pin descriptions at the end of this data sheet).

Specifications are subject to change without notice.
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CS5016

CS5016 ANALOG CHARACTERISTICS (continued)

CS5016-J, K CS5016-A, B CS5016-S, T
Parameter* Min Typ Max | Min Typ Max | Min Typ Max | Units
Specified Temperature Range 0to +70 -40 to +85 -55 to +125 °C
Analog Input
Aperture Time 25 25 25 ns
Aperture Jitter 100 100 100 ps
Input Capacitance (Note 4)
Unipolar Mode 275 375 275 375 275 375 pF
Bipolar Mode 165 220 165 220 165 220 pF
Conversion & Throughput
Conversion Time -16 (Notes 5 and 6) 16.25 16.25 16.25| us
-32 325 325 32.5 us
Acquisition Time  -16 (Note 6) 3.0 3.75 3.0 3.75 3.0 3.75 us
-32 45 5725 45 5.25 45 5.25 us
Throughput -16 (Note 6)| 50 50 50 kHz
-32 26.5 26.5 26.5 kHz
Power Supplies
DC Power Supply Currents (Note 7)
IA+ 9 19 9 19 9 19 mA
IA- -9 -19 -9 -19 -9 -19 mA
ID+ 3 6 3 6 3 6 mA
ID- -3 -6 -3 -6 -3 -6 mA
Power Dissipation (Note 7) 120 250 120 250 120 250 | mw
Power Supply Rejection (Note 8)
Positive Supplies 84 84 84 dB
Negative Supplies 84 84 84 dB

DS14F7
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SWITCHING CHARACTERISTICS (Ta = Tmin to Twax; VA+, VD+ = 5V +10%;

CS5012A, CS5014, CS5016
]

VA-, VD- = -5V £10%; Inputs: Logic 0 = 0V, Logic 1 = VD+; CL = 50 pF, BW = VD+)

Parameter Symbol Min Typ Max Units
CS5012A CLKIN Frequency: fcLk
Internally Generated: 1.75 - - MHz
Externally Supplied: -7 100 kHz - 6.4 MHz
CS5014/5016 CLKIN Frequency: fcLk
Internally Generated: -14, -16 1.75 - - MHz
-14, -32 1 - - MHz
Externally Supplied: -14, -16 100 kHz - 4 MHz
-14, -32 100 kHz - 2 MHz
CLKIN Duty Cycle 40 - 60 %
Rise Times: Any Digital Input | trise - - 1.0 HS
Any Digital Output - 20 - ns
Fall Times: Any Digital Input tall - - 1.0 s
Any Digital Output - 20 - ns
HOLD Pulse Width thpw 1/fcLk+50 - tc ns
Conversion Time: CS5012A tc 49/fcLk+50 - 53/fcLk+235| ns
CS5014 57/fcLk - 61/fcLk+235| ns
CS5016 65/fcLk - 69/fcLk+235| ns
Data Delay Time tdd - 40 100 ns
EOC Pulse Width (Note 11) | tepw 4ffcLk-20 - - ns
Set Up Times:  CAL, INTRLV to CS Low tes 20 10 - ns
A0 to CS and RD Low tas 20 10 - ns
Hold Times: CS or RD High to A0 Invalid tah 50 30 - ns
CS High to CAL, INTRLV Invalid tch 50 30 - ns
Access Times: CS Low to Data Valid A, B,J, K| tca - 90 120 ns
- S, T - 115 150 ns
RD Low to Data Valid A, B, J, K tra - 90 120 ns
S, T - 90 150 ns
Output Float Delay: K, B tfd - 90 110 ns
CS or RD High to Output Hi-Z T - 90 140 ns
Serial Clock Pulse Width Low tpwl - 2/fcLk - ns
Pulse Width High tpwh - 2/fcLk - ns
Set Up Times: SDATA to SCLK Rising tss 2/fcLk-50 2/fcLk - ns
Hold Times: SCLK Rising to SDATA tsh 2/fcLk-100 2/fcLk - ns

Notes: 11. EOC remains low 4 CLKIN cycles if CS and RD are held low. Otherwise, it returns high
within 4 CLKIN cycles from the start of a data read operation or a conversion cycle.

2-14
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CS5012A, CS5014, CS5016
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DIGITAL CHARACTERISTICS (Ta = Tmin to Tmax; VA+, VD+ = 5V +10%; VA-, VD- = -5V +10%)

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 2.0 - - \%
Low-Level Input Voltage ViL - - 0.8 \%
High-Level Output Voltage (Note 12) | VoH |(VD+) - 1.0V - - Vv
Low-Level Output Voltage lout = 1.6mA | VoL - - 0.4 \Y
Input Leakage Current lin - - 10 HA
3-State Leakage Current loz - - +10 HA
Digital Output Pin Capacitance Cout - 9 - pF

Notes: 12. lout = -100 pA. This specification guarantees TTL compatibility (VoH = 2.4V @ lout = -40 pA).

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

Parameter Symbol Min Typ Max Units

DC Power Supplies: Positive Digital | VD+ 4.5 5.0 VA+ Vv

Negative Digital | VD- -4.5 -5.0 -5.5 \%

Positive Analog | VA+ 4.5 5.0 55 \%

Negative Analog | VA- -4.5 -5.0 -5.5 Vv

Analog Reference Voltage VREF 25 4.5 (VA+)-05 | V
Analog Input Voltage: (Note 14)

Unipolar VAIN AGND - VREF \%

Bipolar VaIN -VREF - VREF \Y

Notes: 13. All voltages with respect to ground.
14. The CS5012A/14/16 can accept input voltages up to the analog supplies (VA+ and VA-).
It will output all 1's for inputs above VREF and all O’s for inputs below AGND in unipolar mode
and -VREF in bipolar mode.

ABSOLUTE MAXIMUM RATINGS (AGND, DGND = 0V, all voltages with repect to ground.)

WARNING: Operation at or beyond these limits may reult in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

Parameter Symbol Min Max Units
DC Power Supplies: Positive Digital (Note 15) | VD+ -0.3 6.0 \Y
Negative Digital VD- 0.3 -6.0 \%
Positive Analog VA+ -0.3 6.0 Y
Negative Analog VA- 0.3 -6.0 \%

Input Current, Any Pin Except Supplies (Note 16) lin - +10 mA
Analog Input Voltage (AIN and VREF pins) VINA (VA-) - 0.3 (VA+) + 0.3 \%
Digital Input Voltage VIND -0.3 (VA+) + 0.3 \%
Ambient Operating Temperature Ta -55 125 °C
Storage Temperature Tstg -65 150 °C

Notes: 15. In addition, VD+ should not be greater than (VA+) + 0.3V.
16. Transient currents of up to 100 mA will not cause SCR latch-up.
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5> ¥,/ CS5012A, CS5014, CS5016
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tot
Figure 1. Charge Redistribution DAC
THEORY OF OPERATION algorithm. Instead of the traditional resistor net-

work, the DAC is an array of binary-&ghted
capacitors. All capacitors in the array share a
common node at the comparasoinput. Their
other terminals are capable of being connected to
AIN, AGND, or VREF (Figure 1). When the=d
vice is not calibrating or ewerting, all capacitors
are tied to AIN forming €t Switch S1 is closed
and the chaye on the arsg Qn, tracks the input
signal Mn (Figure 29).

The CS5012A/14/16 family utilize a success
approximation @nversion technique. The analog
input is succesegely compared to the output of a
D/A converter catrolled by the onversion adjo-
rithm. Successe approximation egins by
comparing the analog input to tH2AC output
which is set to half-scale (MSB on, all other bits
off). If the input is found to be bal half-scale,
the MSB is reset to zero and the input is com-
pared to on@uater sale (next MSB on, al
others ). If the input were ative half-scale, the
MSB would remain high and theext compari-
son would be at three-quarters of full scale. This
procedure continues until all biteMe beenexer-
cised.

When the coversion command is issued, switch
S1 opens as swn in Figue 2. This traps
chage Qin on he cmmparator sle of he capaci-
tor array and creates a floating node at the
comparatds input. The coversion algorithm op-
erates on thisixed chage, and the signal at the
analog input pin is ignored. Inffect, the entire

A unique chage redistribution architecture is DAC capacitor array sees as analog memory

used to implement the successapproximation

D -Ctot
S1 S
O—P0 VREF o— ]O/ ©
AIN Qin Qin s
. > Vin »
i AGND o—| -
Vin = Ciot To MCU To MCU
% (1-D) C ot
__Vin _
“Qin = Vin Ctot D = yReg for Vi, = OV
Figure 2a. Tracking Mode Figure 2b. Convert Mode
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CS5012A, CS5014, CS5016

during cawersion much ke a hold capacitor in a
sample/hold amdiier.

The cawersion consists of manipulating the free
plates of the capacitor array to VREF a@ND
to form a capaawe dvider. Since the chge at
the floating node remaingxed, thevoltage at

that point depends on the proportion of capaci-

tance tied to VREF versud&GND. The
succeswe-approximation algorithm issad to
find the proportion of capacitance, termed D in
Figure 2b, which when conrected to tre refer-
ence will dive thevoltage at the floating node
(Vin) to zero. That binary fraction of capacitance
represents the ogerters digital output.

This chage redistioution architecture easily sup-
ports 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 is
doubled and is ftset half-scale. The magnitude
of the reference voltage thus @fines both posive
and regaive full-scale (-VREF to +VREF), and
the digital code is anffset binary representation
of the input.

Calibration

The ability of the CS5012A/14/16 to reeert ac-
curately clearly depends on the accyraf their
comparator andAC. The CS5012A/14/16 util-
ize an "auto-zeroing" scheme to null eso
introduced by the comparatoAll offsets are
stored on the capacitor array while in the track
mode and areftectively subtracted from the in-
put signal when a awersion is initiated.

HOLD

CS5012A/14/16

Master Clock

. CLKIN
(Optional)

Figure 3a. Asynchronous Sampling

Auto-zerong enhances pwer upply rejection at
frequencies well belv the cawersion rate.

To acheve complete accueg from theDAC, the
CS5012A/14/16 use a neel self-calibration
scheme. Each bit capaaitslown in Figure 1,
actually consists ofegeral capacitors which can
be manipulated to adjust theverall bit weight.
An on-chip microcontroller adjusts the subarrays
to precisely ratio the bits. Each bit is adjusted to
just balance the sum of all less sfgrant bits
plus one dummy LSB (for example,16C=8C +

4C + 2C + C + C) Calibration resolution for the
array is a small fraction of an LSB resulting in
nearly ideal dferential and irdgral lineariy.

DIGITAL CIRCUIT CONNECTIONS

The CS5012A/14/16 can be applied in a wide
riety of master clock, sampling, and calibration
conditions which directly féect the @vices con-
version time and throughput. Thevites also
feature on-chip 3-stak outputbuffers and a com-
plete interface for connecting to 8-bit and 16-bit
digital systems. Output data is alaailable in
serial format.

Master Clock

The CS5012A/14/16 operate from a master clock
(CLKIN) which can beexternally supplied or in-
ternally generated. The internal oscillator is
actvated byexternally tying the CLKIN input
low. Alternatvely, the CS5012A/14/16 can be
synchronized to thexterna sysem by diving

the CLKIN pin with a TTL a CMOS clock sig-

nal.

HOLD
EOT
CS5012A/14/16
el

Figure 3b. Synchronous Sampling

2-18
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CS5012A, CS5014, CS5016

All calibration, cawersion, and throughput times
directly scale to CLKIN frequesy. Thus,
throughputcan ke precisely contolled and/or
maximized using arexternal CLKIN signal. In
contrast, the CS5012A/14/6internal oscillator
will vary from unit-to-unit ancver temperature.
The CS5012A/14/16 an typically convert with
CLKIN as low as 10kHz at oom tenperatre.

Initiating Conversions

A falling transition on theHOLD pin places the
input in the hold mode and initiates angersion
cycle. Upon completion of the oeersioncycle,
the CS5012A/14/16 automatically return to the
track mode. In contrast to systems with separat
track-and-holds and A/D oeerters, a sampling
clock can simply be connected to tHOLD in-
put (Figure 3a). The dutgycle of this clock is
not critical. It need only remairow at least one
CLKIN cycle plus 50 ns,but no longer than the
minimum cawersion time or an additional con-
version cycle will be initiated with inadequate
time for acquisition.

Microprocessor-Controlled Operation

Sampling andconversion can te placed under
microprocessor control (Figure 4) by simply gat-
ing the avices decoded address with the write
strabe for the HOLD input. Thus, a writeycle to
the CS5012A/14/16 base address will initiate a
conversion. Hwever, the writecycle must be to

RD
CONCLK

ADDR VALID

AN

)
Address o

Bus °
A3

RD

HOLD

L

Addr

Dec cs

CS5012A/14/16
CAL

A2
Al INTRLV

A0 A0

Figure 4a. Convesions Asyrthronous to CLKIN

e

the odd address (AO high) &void initiating a
software @ntrolled reset (seResetbelow).

The calibration control inputs, CAL, and
INTRLV are inputs to a set of transparent latches.
These signals are internally latched®$ return-
ing high. Tkey must be in the appropriate state
wherever the chip is selected during a read or
write cycle. Address lines A1 and A2 areoam
connected to CAL antNTRLV in Figure 4 plac-

ing calibration under micropressa contol as
well. Thus, any read or writeycle to the
CS5012A/14/1& base address will initiate or ter-
minate calibration. Alternately, AO, INTRLV,
and CAL may be connected to the microproces-
Sor databus.

Conversion Time/Throughput

Upon completing a cwersioncycle and return-
ing to the track moel the CS5012/14/16
require time to acquire thanaog input sigml
before another ewersion can be initiated. The
acquisition time is spefed as six CLKINcycles
plus 2.25us (1.32 us for the CSB12A -7 verson
only). This adds to the ogersion time to dene
the cawertets maximum throughput. The con-
version time of the CS5012A/14/16, in turn,
depends on the sampling, calibration, and CLKIN
conditions.

RD

>
ADDR VALID ﬂ

AN
°

)

Addr
Dec

Address
Bus

cs
°

A3 CS5012A/14/16

CAL

INTRLV
A0

A2
Al
A0

Figure 4b. Conversions unde Microprocessor Control

DS14F7
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CS5012A, CS5014, CS5016

HOLD < 1/Throughput 1/ Throughput

Input / (64 + N cycles) —
HOLD .

Conversion Input Conversion L/

EOC _ (49 + N cycles) . |
EOC o ,

Output Acquisition Output Acquisition /

. q (15 cycles)

cor AW cor -

Output A o N a Output

Synchronization Uncertainty (4 cycles)

Figure 5a. Asynchronous SamplindExternal Clock)

Asynchronous Sampling

The CS5012A/14/16 internally opeeatrom a
clock which is delayed andivided cdown from
CLKIN (fcLk/4). If sampling is not synchronized
to this internal clock, the cmersioncycle may
not begin until up to four clockcycles after
HOLD goes bw even though thecharge is
trapped immediatgl In this asynchronous mode
(Figure 3a), the four clocgycles add to the mini-
mum 49, 57 and 6%lock cycles (for the
CS5012A/14/16 respeectly) to ddine the maxi-
mum cawversion time (see Figure 5a and
Table 1).

*Dashed line: CS & RD =0 CS5012A N=0
CS5014 N=8
CS5016 N =16
Figure 5b. Synchronous (Loopback Mode)

Solid line: See Figure 9

Synchronous Sampling

To acheve maximum throughput, sampling can
be synchronized with the internal re@rsion
clock by connectingthe End-of-Track EOT) out-
put to HOLD (Figure 3h. The EOT output falls
15 CLKIN cycles afterEOC indicating the ana-
log input has been aquired to the
CS5012A/14/1& specified accuracy. The EOT
output is synchronized to the internalngersion
clock, so tle four clock cycle syrchronization un-
certainty is rermved yielding throughput at
[1/64]fcLk for the CS5012A, [1/72cLk for
CS5014 and1/8QfcLk for CS5016 wheredik
is the CLKIN frequency (see Figue 5b andTa
ble 1).

Conversion Time Throughput Tim e

Sampling Mode Min Max Min Max
CS5012A
Synchronous (Loopback) 49 to 49tk 64t 64 to

7 49 tg, 53 tg+ 235ns N/A 59 toy+ 1.32ps
Asynehronous 12,24 49 tg, 53 tyt 235ns N/A 59 toy+ 2.25 s
CS5014
Synchronous (Loopback) 57 tek 57 teok 72 tok 72tk
Asynchronous 57 e 61 tg*t 235ns N/A 67 tog+ 2.25us
CS5016
Synchronous (Loopback) 65 to 65 to 80 o) 80ty
Asynchronous 65 to 69 ty+ 235ns N/A 75 toe+ 225 S

Table 1. Conversion and Throughput Times (tck = Master Clodk Period)
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Also, the CS5012A/14/1§ internal RC oscillator
exhibits jitter (typically+ 0.05% of its period),
which is high compared to crystal oscillators. If
the CS5012A/14/16 isconfigured for symhro-
nous sampling while operating from its internal
oscillata, this jitter will directly dfect sampling
purity. The user can obtain best sampling purity
while synchronously sampling by using exter-

nal crystatbasedclock.

Reset
Upon pwer up, the CS5012/14/16 must b re-

RST

CS5012A/14/16

1

Figure 6. Power-on Reset Circuit

eliminate the possibility of inagrtent software

set to guarantee a consistent starting conditiorreset. TheEOC output remains high throughout

and initially calibrate the @ices. Due to the
CS5012A/14/1& low power dissigtion and low
temperature drift, navarm-up time isrequred
before reset to accommodatay sself-heating ef-
fects. However, the voltage reference input
should lave stabilized to within 5%, 1% or
0.25% of itsfinal value, for the CS5012A/14/16
respedtely, before RSTfalls to guarantee an ac-
curate calibration. Latethe CS5012A/14/16 may
be reset atrg time to initiate a single full cali-
bration. Resebverrides all other functions. If
reset, the CS5012A/14/16 will clear and initiate a
new calibrationcycle mid-cawersion or mid-cali-
bration.

Resets can be initiated in haare or sofvare.
The simplest method of resetting the
CS5012A/14/16 nvolves strobing the RST pin
high for at least 100 ns.When RST is brought
high all internal logic clears. When it returmsvy)

a full calibration legins which takes 58,280
CLKIN cycles for the CS5012A (approximately
9.1 ms with a 64 MHz clock) and 1,441,020
CLKIN cycles for the CS5016, CS5014 and
CS5012 (approximately 360 ms with a 4 MHz
CLKIN). A simple power-on reset circuit can be
built using a resisto and capeitor, and a
Schmitt-trigger mverter to pevent oscillation (see
Figure 6). The CS5012A/14/16 can also be rese
in software when under micioproceser caontrol.
The CS5012A/14/16 will reset whewer CS, AO,
andHOLD are takendw simultaneouslt See the
Microprocessor Interfag section (bedw) to

the calibration operation and withll upon its
completion. It can thus be used to generate an
interrupt indicating the CS5012A/14/16 is ready
for operation. While calibrating, théOLD input

is ignored untilEOC falls. After EOC falls, six
CLKIN cycles plus 2.25us (1.32us for the
CS5012A -7version only) must be alved for
signal acquisition beforelOLD is actvated. Un-
der microprocesseandependent operatiorCs,
RD low; AO high) the CS5014 and CS5016
EOC output will notfall at the completion of the
calibration cycle, but EOT will fall 15 CLKIN
cycles late

Initiating Calibration

All modes of calibration can be controlled in
hardware or sdtware. Accuracy can tlereby be
insured at ay time or temperature throughout op-
erating life. After initial calibration at qaver-up,
the CS5012A/14/16 chage-redistripution design
yields better temperature drift and more graceful
aging than resistebased technologies, so calibra-
tion is normally only required once, after
power-up.

The first mode of calibration, reset, results in a
single full calibrationcycle. The second type of

f:alibration, burst" cal, albws control of partial

calibration cycles. Due to an unfoeseen con-

didtion inside the part, asghronous termination
of calibration mayresult in a sub-optimalesult.

Burst cal should not be used.

DS14F7
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The reset calibration alwaysorks perfectf, and
should be used instead btirst moeé. The
CS5012s and CS5012A/14/16 very bw drift

temperature or to long-term aging, will generally
dominate total system erro

over temperature means that, under most circum-Microprocessor Interface

stances, calibration will only need to be
performedat power-up, using eset.

The CS5012A/14/16ehture a background ali-
bration mode called "interéwe." Interleave
appends a single calibratiaxperiment to each
conversioncycle and thus requires no dead time

for calibration. The CS5012A/14/16 gathers data

between coversions and will adjust its transfer

function once it completes the entire sequence o

experiments (one calibratiotycle per 2,014 con-

versions in the CS5012A and one calibration per

72,051 coversions in the CS5012, CS5014 and
CS5016). Initiated by bringing both thTRLV
input andCS ow (or hard-wiringINTRLV low),
interleave extends the CS5012A/14/K5dfectve
conversion time by 20 CLKINcycles. Other than
reduced throughput, intedee is totally transpar-
ent to the uge Interleave calibration should not
be used intermittentl

The fact hat the CSH012A/14/16 dfer sveral
calibration modes is not to imply that thevites
need to ke recalibrated often. The d@vices are
very stable in the presence ofga temperature
changes.Tests lave indicated that after using a
single reset calibration at 2& most dvices ex-
hibit very little change in ffset or gain when
exposed to temperatures from -55 to +1@€5
The data indicated 30 ppm as the typisairst
case total change irffset or gainover this tem-
perature range. Eferential linearity remained
virtually unchanged. System eor sourcesoutside
of the A/D cawerte, whether due to changes in

The CS5012A/14/16 feature an intelligent micro-
processor interface whichffers detailed status
information and atiws softvare control of the
self-calibration functions. Output dataagilable

in either 8-bit or 16-bit formats for easy irfes-
ing to industry-standard microprocessors.

Strobing bothCS and RD low enables the

fC85012A/14/163 3-state outpubuffers with

eithe output dta or sétus irformation apending

on the status of AO. An address bit can be con-
nected to AO as siwn in Figure 4b threby
memory mapping the statusgrster and output
data. Cawersion sétus @n be polled in sdtware
by reading the statuggister CS andRD strobed
low with AO low), and masking status bits SO-S5
and S7 (by logically AD’ing the statusword
with 01000000) to determine thealue of S6.
Similarly, the softvare routine can determine
calibration status using other status bits (Sae
ble 2). Care must be taken not tead the status
register (AO low) whileHOLD is low, or a soft-
ware reset willresult (see Resetabowe).

Alternaively, the End-of-Cavert EOC) output
can be used to generate an interrupt dveda
DMA controller to dump the output directly into
memory after each cgersion. TheEOC pin falls
as each awersioncycle is completed and data is
valid at the output. It returns highithin four
CLKIN cycles of tre first subsegent data read
opegation o after the start of a new conversion
cycle.

2-22
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PIN STATUS BIT STATUS

DO SO END OF CONVERSION
D1 S1 RESERVED

D2 S2 LOW BYTE/HIGH BYTE
D3 S3 END OF TRACK

D4 S4 RESERVED

D5 S5 TRACKING

D6 S6 CONVERTING

D7 S7 CALIBRATING

Table 2. Statu

To intefface with a 16-bit datbus, the BW input
to the CS5012A/14/16 should be held highd

DEFINITION

Falls upon completion of a conversion,
and returns high on the first subsequent read.

Reserved for factory use.

When data is to be read in an 8-bit format (BW=0),
indicates which byte will appear at the output next.

When low, indicates the input has been acquired to
the devices specified accuracy.

Reserved for factory use.

High when the device is tracking the input.

High when the device is converting the held input.
High when the device is calibrating.

s Pin Definitions

version finishes. Setus bit S2 indiates which
byte will appear on theest data read operation.

all data bits (12, 14 and 16 for the CS5012A,

CS5014and CS5016 espectively) read in pard-

lel on pins D4-D15 (CS5012A), D2-D15

(CS5014), orD0-D15 (CS5016).With an 8-bit
bus, the cavertefs result must be read in tw
portions. In this instance, BW should be hei |
and the 8 MSB obtained on thérst readcycle
following a cawersion. The second reagycle
will yield the remaining LSB (4, 6 or 8 for the
CS5012A/14/16 respeeely) with 4, 2 or O trail-
ing zeros. Both bygs apgar on pins DO-D7. The

The CS5012A/14/16 internallyuffer their output
data, so data can be read while tlwiaks are
tracking or coverting the ext sample. Therefore,
retrieving the cowverters digital output requires
no reduction in ADC throughput. Enabling the 3-
state outputs while the CS5012A/14/16 is
converting will not introduce caversion errors.
Connecting CMOS logic to the digital outputs is
recommendedSuitable logic families include
4000B, 74HC, 7AC, 74ACT, and 74HQ.

(0]

upper/bwer bytes of the same data will continue

to toggle on subsequent reads until teet con-

D15 D14 D13 D12 Dil D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
Status 8- or 16-Bit
mo=0) | X[ x| x[x[x[x[x][x][s7]se]s5]safs3a][s2]|s1]so] " 5
CS5012A  [B11]B10|B9 |B8 [B7 |B6 |B5 |B4 ||B3 B2 [B1]BO |0 [0 [O [0 |
16-Bit Bus
Cs5014  [p13[B12|B11/B10 |B9 |B8 |B7 |B6 |[B5 | B4 B3 [B2 | B1] B0/ O |0 | EW=1)
CsS5016  |B15 |B14|B13|B12 [B11 [B10| B9 [ B8 | [ B7 | B6 | BS | B4 B3‘BZ‘Bl‘BOV
(A%fi‘)\cssole I X[ x [ x [ x| x [ x][x]x |[]|Bio]Bo [B8 | B7 |B6 |B5 | B4
B3 |B2 |Bl1 BO |0 |0 |0 |oO
essor4 [ x| x [ x| x [ x| x[x][x[[p3|p12]p11l10| B9 (B8 [B7 | B6 | | gpip
> 8-Bit Bus
B5 |B4 |B3 B2 | Bl |BO |0 | O (BW=0)
Cs5016 [ x| x | x | x [ x [ x| x| x |[B15]B14]|B13|B12 | B11|B10[ B9 | BS
B7 |B6 |B5 |B4 | B3 |B2 |Bl | BO

"X" Denotes High Impedance Output

Figure 7. CS5012

A/14/16 Datdormat

DS14F7
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Microprocessor Independent Operation

The CS5012A/14/16an be oprated in a stand-
alone mode independent of intelligent control. In
this mode,CS andRD are hard-wireddw. This
permanently enables the 3-state outputfers
and albws transparent latch inputs (CAL and
INTRLV) to be adtve. A free-running condition
is established when BW is tied high, CAL is tied
low, andHOLD is continually strobedbiv or tied

to EOT. The CS5012A/14/16 EOC outputcan An application note titled\bltage Refeences for
be used teexternally latch the output data if de- the CS501X &ies of AD Converters' is avail-

connections. The CS5012A/14/16 interndilyff-

er all analog inputs (AIN, VRE andAGND) to
ease the demands placed etiernal circuity.
However, accurate system operation still requires
careful attention to details at the design stage re-
gading souce impedances as well as gounding
and dcoupling shemes.

Reference Considerations

sired.With CS andRD had-wired low, EOC will
strobe ow for four CLKIN cycles after each con-
version. Data will be unstable up toQu@s after

able for the CS5012A/14/16. In addition to
working through a reference circuit desigsam-
ple, it offers sveral built-and-tested reference

EOC falls, so it should be latched on the rising circuits.

edge of EOC.

During cawersion, each capacitof the cali-

e brated capacitor array is switched between VREF
INTRLV RST ¢— Reset and AGND in a manner determined by the suc-
BW Focwrathing  cesgve-approximation algorithm. The afging
A0 D15 wpy and dischaying of the array results in a current
Sampling U1l |-~ load at the reference. The CS5012A/14/h6 i
Clock - s |2 clude an internabuffer amplfier to minimize the
€S cssoia out external reference circug dive requirement and
CS5016 preseve the reference integrity. Wherever the
A b4 array is switched during oeersion, thebuffer is

used topre-chage the array thereby providing
the bulk of he necessaryherge. The gpropriate
array capacitors are then switched to theutn
fered VREF pin tavoid any errors due toffsets
and/or noise in theuffer.

Figure 8. Microprocessor-IndependentConnections

Seial Output

All successre-approximation A/D caverters de-

rive their digital output serially starting with the The extemal reference circuitryneed only pro-
MSB. The CS5012A/14/16 present each bit to thevide the residual clige required to fully chge
SDATA pin four CLKIN cycles after it is deved  the array after pre-chaging from tre buffer. This
and can be latched using the serial clock outputcreates an ac current load as the CS5012A/14/16
SCLK. Just subsegnt to each bit deision sequence through coversions. Theeference cir-
SCLK will fall and return high once the bit infor- cuitry must lave a bw enough output impedance
mation on HATA has stabilized. Thus, the rising to diive the requisite current without changing its
edge of the SCLK output should ®used to clock  output voltage sigrficantly. As the analog input
the data from the CS5012A/14/16 €8 Figue 9). signalvaries, the switching sequence of the inter-
nal capacior array danges. he airrent load on
the external reference circuitry thugries in re-
sponse with theanalog input. Theefore, the
external reference must naxhibit significant

ANALOG CIRCUIT CONNECTIONS

Most popular succes®-approximation A/D con-
verters generate gnamic bads at heir analog
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peaking in its output impedance characteristic atpedance d less than 1% at frequenciesgreater
signal fequencies @ ther hamonics. than 10kHz. Similarl, for the CS5014 with a

_ 4.5V reference (25uV/LSB), better than
A Iarge CapaC|t0r connected between VREF and1/4 LSB accurey can be insured with an Output

AGND can povide sdficiently low output im-  jppedance of 4Q or less (maximum error of

pedance at the high end of th.e'frequency 40 uV). A 2.2 pF capacitorexhibits an imped-

spectrum, while almost all precision references .

exhibit extremelv bw output impedance at dc ance of less than( at frequencies greater than
y putimp ' BkHz. For the CS5016 with a 4.5V reference

The magnitude of the current load on &xé&ernal (69“\// LSB), petter then 1/4.' LSB acuracy can
reference circuitry will scale to the CLKIN fre- be msurgd with an output impedance of Iess. than
querty. At full speed, the reference must supply a 22 (maximum error of 2QV). A 20 pF capaci-
maximum load current of ]-Im pea(_to_peak tor exhibits an Impedance of less tha® 2t

(1 pA typical). For the CS5012A an output im- frequencies greater than 16 kHz. A high-quality
pedance & 15Q will therefore yield a maximum tantalum capacitor in parallel with a smaller ce-
error of 150mV. With a 2.5V referene and LSB ramic capacitor is recommended.

size of 600nV, this would insure better than 1/4

LSB accuray. A 1 uF capacitorexhibits an im-

CsS5016: 60 62 64 66 68 70 72 74 76 78 80/0 2 4 6 8 10 12
CS5014: 52 54 56 58 60 62 64 66 68 70 72/0 2 4 6 8 10 12
CS5012A: 44 46 48 50 52 54 56 58 60 62 64/0 2 4 6 8 10 12

CLKIN

EOC ‘ |

Status | LsB . I MSB MSB-1 | MSB-2
' | Determined Coarse Charge Fine Charge ‘ Determined|Determined | Determined
EOT I
t 3

d » <
HOLD ety : u
SCLK L L1
SDATA  |sB+2 | LSB+lL | LSB | MsB | MSB-1

Notes 1. Synchronous (loopback) meds illustrated After EOC falls the converter goes into coarse chrge moe for

6 CLKIN cycles, then tdine chage mocke for 9 cycles, thenEQT falls. In loopback node, EQOT trips HOLD
which captues tte analog sample. Conversion begins onthe rext rising edg of CLKIN. If operated asyrchro-
nously, EOT will remain low until after HOLD is taken éw. WhenHOLD occurs the analog sample is captured
immediatey, but cawersion may nbbegin unti four CLKIN cycleslater. EOT will return high
whenconversion legins.

2. Timing delay tg (relaive to CLKIN) canvary between 18ns to 2% nsover the militarytemperatus range
and over+ 10% supplyvariation L

3. EOC returns high in 4 CLKIN cycles if A0 = 1 a@5 =RD = 0 (Microproceser Indepemnlent Mode);
within 4 CLKIN cyclesafter a data reh(MicroprocessoMode); or4 CLKIN cycles afteHOLD =0
is recognizd on arising edgeof CLKIN/4.

Figure 9. Serial Output Timing
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Pe&ing in the refereces output impedance can  ——
occur because of capavcé loading at its output.
Any pe&ing that might ocair can be redced by (\ 28 |VREE
. . . . . . Vref -+
placing a small resistor in series with the capaci- \_~/ 29 | REFBUF
. . . . C1 C2
tors (Figure 10). The equation in Figure 10 can 10 —— ——oo1

be used to help calculate the optimuatue of R HF T —
for a particular reference. The ternpedk’ is the § 0.1 uF
R

+Vee

30 VA-

CS5012A

CS5014
CS5016

frequency of the peak inhe autput impedance of
the reference befe the resistor is dded.

5V —e—

The CS5012A/14/16 can operate with a wide
range of referencevoltages,but signal-to-noise R =
performance is maximized by using as wide a
signal enge as possibl The recommened refer-
encevoltage is between 2.5 and 4.5 V for the tion note:Voltage References for the CS501X Se-
CS5012Aand 4.5V for the CS5014/16. The ries of A/D Converters. For arexample of usig
CS5012A/14/16 can actually accept referencethe CS5012A/14/16 with a Holt reference, see
voltages up to the posie analog supgl How- the application note: A Collection of Application
ever, the buffer's dfset may increase as the Hints for the CS501X Series of A/ID Gerters.
reference voltage approactseVA+ thereby in-

creasingexternal dive requirements at VRE A Analog Input Connection

4.5V reference is the maximum referenodtage
recommended. This alvs 0.5V headroom for
the intenal referencebuffer. Also, thebuffer en-
lists the aid of anexternal 0.1uF ceramic

capacitor which must be tied between its output, - <on of the analog input is used for pre-oarg-

REFBUF, and the egaive analog suppl VA-. For ing the capacitor arya An additional period is

more information on references, consult the appllca-r equired forfine-chaging directly from AIN to

1
21 (Cl + C2) fpeak
Figure 10. Reference Connections

The analog input terminal functions similarly to
the VREF input after each awersion when
switching into the track mode. During tligst
six CLKIN cycles in the track mode, thmiffered

CS5016 CS5014 CS5012A
+200 +50 +12.5

0 0 0
o
Jas]
(]
2
2
o 200 50 125
[=2)
@
=
]
E
=
o]
£ 400  -100  -25.0

Acquisition Time (us)

(Delay from EOC)

Figure 11. Internal Acquisition Time
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obtain the spetied accurey. Figure 11 illustrates

this opeation. Duing pre-charge the chage on
the capacitor arrafjrst settles to théufferedver-
sion of the analog input. Thigoltage is éfset
from the actual inputoltage. Duringfine-chage,
the chage then settles to the accuratdouffered
version.

essary acquisition time. For more information on
input applications, consult ¢happlication noé:
Input Bufer Ampliiers for the CS501%amily of
A/D Cawerters.

During thefirst six clockcycles following a con-
version (pre-chaye) in unipolar mode, the
CS5012A is epable of slewing at 20//us and the

The acquisition time of the CS5012A/14/16 de- CS5014/16 can @l at 5Vis. In bipolar mode,

pends on tle CLKIN frequency. This is de to a

fixed pe-chage period. For instane, operating

only half the capacitor array is connected to the
analog input so the CS5012A caevslat 40//us,

the CS5012A -12, CS5014 -14 or CS5016 -163nq the CS5014/16 an skw at 10V{is. After the

version with arexternal4 MHz CLKIN results in

a 3.75us acquisition time: B.us for pre-tiarging
(6 clock cycles) and 25us for fine-chaging.

first six CLKIN cycles, the CS5012A will elv at
1.25V/us in unipola moce and 3.0//us in bipolar
mode, and the CS5014/16 willesi at 0.25Vus

Fine-chage settling is spetted as a maximum of in unipola modeand 0.5//us in bipolar mode.

2.25ps for an aalog source impedancqf Ies.s. Acquisition of fast séwing signals (step fum
than 20 Q. (For the CS5012A -7 version it IS tions)can ke hastened if tle siep accurs during or
specified as 1.32us.) In addition, the comparator jmmediately folbwing the caversion cycle. For

requires a sarce inpedance of lesshan 40 Q

around 2 MHz for stabilt which is met by prac-
tically all bipolar op amps. &rge dc source

impedances carbe acommadated byadding ca-
pacitance from AIN to gound (typicaly 200 pF)
to decreaseauirce inpedance athigh frequencies.

However, high dc source resistances will increase
the inputs RC time constant arektend the nec-

Convert Channel N

instance, channel selection in muks#d appli-
cations should occur while the CS5012A/14/16 is
converting (see Figure 12). Multipter settling is
thereby renoved from theoverall throughput
equation, and the CS5012A/14/16 camvent at
full speed.

Convert Channel N+1

CS5012A/14/16 “—W

HOLD u u

Input

CS5012A/14/16

EOC

Output

MUX

Address Address N Address N + 1 Address N + 2 Address N + 3
MUX Settling ___, MUX Settling

CS5012A/14/16 to Channel N + 1

Analog

to Channel N + 2

Figure 12 Pipelined MUX Input Channels

DS14F7
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Analog Input Range/Coding Format

The referencevoltage directly denes the input
voltage range in both the unipolar and bipolar
configurations. In the unipolar cdiguration
(BP/UP low), the first code transition occurs
0.5 LSB alove AGND, and thefinal coc transi-
tion occurs 1.5 LSB bebw VREF. Coding is in
straight binary format. In the bipolar dayura-
tion (BPUP high), thefirst code transition occurs
0.5 LSB alove -VREF and the last transition oc-
curs 1.5 LSBs kelow +VREF. Coding is in an
offset-binary format. Posite full scale gives a
digital output of all ones, andegaive full scale
gives a digital output of all zeros.

The BPUP mode pin may be switched after cali-
bration without laving to realibrate the
converte. However, the BPUP mode should be
changed during the @rious cawersion cycle,
that is, betweetHOLD falling and EOC falling.

If BP/UP is changed at any other time, one
dummy onversion cycle must be atiwed for
proper acquisition of the input.

Grounding and Power Supply Decoupling

The CS5012/14/16 ug the analog gound con-
nection,AGND, only as a referenceltage. No
dc power currents fiw through theAGND con-
nection, and it is complely independent of
DGND. However, any noise riding on ta AGND
input relatve to the systeim analog ground will
induce ornversion erors. Therefore, bth the ana-
log input and referencenltage should be referred
to the AGND pin, which should be used as the
entire systens analog ground reference point.

The digital and analog supplies to the
CS5012A/14/16 are pinned out segaly to
minimize coupling between the analog and digital
sections of the chip. All four supplies should be
decoupled to their respeéeé grounds using
0.1 uF ceramic capacitors. If sigigant low-fre-
qguency noise is present on the suppliegF
tantalum capacitors are recommended in parallel
with the 0.1uF capacitors.

The positive digital power supply of the
CS5012A/14/16 mustnever exceed the positive
analog supply by mre than a diode mp or the
device couldexperience permanent dameadf

the wo supplies are dered from sepaate
sources, care must be taken that the analog sup-
ply comes upfirst at pwer-up. The system
connection diagram in Figure 3608¥s a decou-
pling scheme which als the CS5012A/14/16

to be powered from a single setfat 5V rails.

As with any high-precision A/D coverte, the
CS5012A/14/16 require careful attention to
grounding and layout arrangementowéver, no
unique Byout issues mustebaddes®d to pop-
erly apply the d@vice. The CDB5012/14/16
evaluation boad is available for the
CS5012A/14/16, whichavoids the need toed
sign, build, and déug a high-precision PC board
to initially characterize the part. The board comes
with a socketed CS5012A/14/16, and can be
quickly recotfigured to simulatersy combination

of sampling, calibration, CLKIN, and analog in-
put range conditions.
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|
Power Supply Rejection CS5012A/14/16 PERFORMANCE

The CS5012A/14/168 power supply gection
performane is entanced by the orchip <f-cali-
bration and an "auto-zero" prase Drifts in One source of nonlinearity in A/D weerters is
power supplyvoltages at frequencies less than the bit weight errors. These erors arise fromtie de-
calibration rate &ve negligible efect on the viation of bits from their ideal binary-weighted
CS5012A/14/1& acurecy. This is lecause the ratios, and lead to onideal widhs for eachcode.
CS5012A/14/16 adjust theioffset to within a  If DNL errors are lege, and code widths shrink
small fraction of an BB during calibration. to zero, it is possible for one or more codes to be
Above the calibration frequey the excellent  entirely missing. The CS5012A/14/16 calibrate
power supply rejection of the internal ani@rs all bits in the capacitor array to a small fraction
iIs augmented by an auto-zero pess. Ay of an LSB resulting in nearly ideal DNL. Histo-
offsets are stored on the capacitor array and argram plots of typical DNL of the CS5012A/14/16
effectively subtracted once neersion is initiated. can be seen in Figures 14, 16, 17. Figure 15 il-
Figure 13 sbws power supply rejection of the lustrates the DNL of the CS5012 for comparison
CS5012A/14/16 in the bipolar mode with the with the CS5012A (Fige 14).
analoginput grounced and a 300 mVpp ripple
applied to each suppl Power supply gection A histogram test is a statistical method ofider
improves by 6 dBin the unipolarmode. ing an A/D cawerters diferential nonlineant A
ramp is input to the A/D and ar¢ge number of
The plot in Figure 13 shvs worst-case rejection samples are k&n to insure a high céidence
for all combinations of aaversion rates and input level in the tess result. The number of occur-
conditions in the bipolar mode. rences br each cde is nonitored and storel. A
perfect A/D caoverta would rave al codes of
equal size and therefore equal numbers of occur-
rences. In the histogram test a code with the
average number of occurrences will be consid-
ered ideal (DNL = 0). A code with more or less
occurrences thaaverage will appear as a DNL
of greater or less than zero LSB. A missing code
has zero occurrences, and will appear as a DNL

Differential Nonlinearity

©
o

" AN of -1 LSB.
_ N\
g 70 \_ Integral Nonlinearity
éeo \\\ Integral Nonlinearity (INL; also termed Rela¢
%50 ™ Accuracy or just Nonlinearity) is dened as the
g '\\ deviation of the transfer function from an ideal
% 0 \ straight line. Bws in the transfer cue generate
2

N\ harmonic distortion. Thevorst-case condition of
bit-weight errors (DNL) has traditionally also de-
fined the point of maximum INL.

w
o

N
o

1 kHz 10 kHz 100 kHz 1 MHz

Power Spply Ripple Frequency Bit-weight errors lve a drastic ffect on a con-

verter's ac peformance. They can be analyzed as
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DNL (LSB)

DNL (LSB)

DNL (LSB)

DNL (LSB)

+1

+1/2

-1/2

+1

+1/2

-1/12

+1

+1/2

-1/12

+1

+1/2

coa b b b b b b b b b b b I [0
0 2,048 4,095

Codes
Figure 14. CS501& Differential Nonlinearity Plot

o b b b b e b b b e b b b by b
0 2,048 4,095

Codes
Figure 15. CS501Differential Nonlinearity Plot

co b b e b b b b b P b e b b e Py
0 8,192 16,383

Codes
Figure 16. CS501Differential Nonlinearity Plot

o b b b b b b b b b b b b b Py
0 32,768 65,535

Codes

Figure 17. CS501®ifferential Nonlinearity Plot
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Since bits (and their errors) switch in and out Equally important is the spectral content of this

throughout the transfer owg, their &fect is sig-
nal dependent. That is, hmonic and

error signal. It can be elvn to be approximately
white, with its enggy spread uniformlyover the

intermodulation distortion, as well as noise, canband from dc to onéndf the sampling rate. Ad-

vary with dfferent input conditions. Designing a

vantage of this characteristic can be made by

system around characterization data is risky sincqudicious use offiltering. If the signal is ban-

transfer cuves can dfer drastically unit-to-unit
and lot-to-lot.

The CS5012A/14/16 chieves repetable signal-
to-noise and harmonic distortion pemance

using an on-chip self-calibration scheme. The

CS5012A calibrates its bit weight ersoto a

small fraction of an LSB at 12-bits yielding peak

distortion bebw the noisefloor (see Figure 19).

The CS5014 calibrates its bit weights to within

+1/16 LSB at 14-bits 0.0004% FS) yielding
peak distortion asolv as-105 dB (®e Fig-

ure 22). The CS5016 calibrates its bit weights to

within £1/4 LSBat 16-bits ¢£0.0004% FS) yield-
ing peak distortion asolv as -105 dB(see
Figure 24). Unlike traditional ADG, the linear-
ity of the CS5012A/14/16 are not limited by

bit-weight errors; their performance is therefore

dlimited, much of the quantization error can be
filtered out, and immved sytem performance
can be attained.

FFT Tests and Windowing

In the factoy, the CS®12A/14/16 are tested us-
ing Fast FourierTransform (FFT) techniques to
analyze the awertets dynamic performance. A
pure sinewave is appled to tre CS5012A/14/16,
and a "time record" of 1024 samples is captured
and poces®d. The FFT algorithm analyzes the
spectral content of the digitalameform and dis-
tributes its enegy among 512 ftequercy bins.”
Assuming an ideal sawave, distrbution of en-
ergy in bins outside of the fundamental and dc
can only be due to quantizatioffeets and errors
in the CS5012A/14/16.

extremely repeatable and independent of inputt sampling is not synchronized to the input sine-

signal conditions.

Quantization Noise

wave, it is highly unlikely that the time record
will contain an inéger number of periods of the
input signal. kdwever, the FFT assumes that the

The error due to quantization of the analog inputsignal is periodic, and will calculate the spectrum

ultimately dictates the accusaof any A/D con-
verter. The continuousanalog input must be
represented by ore of afinite numler of digital
codes, so lte best accucy to which an malog
input can be kown from its digitl code is
+1/2 LSB. Under circumstaes commonly en-

of a signal that appears teMe lage discontinui-
ties, thereby yielding aeverely distorted
spectrum.To avoid this problem, the time record
is multiplied by a windw function prior to per-
forming the FH. The windw function smoothly
forces the endpoints of the time record to zero,

quantization error can bee#ited as a random

of the windbw in the frequeoy-domain is to con-

variable. The magnitude of the error is limited to Volute the spectrum of the wiod with that of

+1/2 LSB, but any value within this range has
equal probability of occurrence. Such a fro
ability distribution leads to an error "signal” with
an rmsvalue of 1 LSB#12. Using an rms siual
value of FS/8 (amplitude = FS/2), this relates to
ideal 12, 14and 16bit signalto-noise ratios of
74,86 and 98 B respedtvely.

the actual input.

Figure 18 slows an FFTcomputd from an idel
12-bit sirewave. The quality of the wirmv used

for harmonic analysis is typically judged by its
highest sde-lobe level. The Blackman-Harris
window used for testing the CS5014 and CS5016
has a maximum side-lobevel of -92 dB. Fig-

DS14F7
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Signal

Amplitude
Relative to
FullScale 600 g~ - -~ - -~ -~ -~ - -~ - " - - - - - - - - - - - - -

0.0

I

400 TRT O T T T Tttt s s -

(dB) AR
-80.0
-100.0
-120.0
dc fs/2
Input Frequency
Figure 18. Plot of Ideal 12-bit ADC
0.0
L Sampling Rate: 100kHz
Full Scale: 9Vp-p
200 7~~~ "~ "§ -~~~ - S/IN+D: 72.9dB
Signal 400 7 -~ g T
Amplitude B
Relative to
Full Scale 0
(dB)
-80.0
-100.0
-120.0

12.0
Input Frequency (kHz)

Figure 20. FFT Plot of CS5012A with 12 kHz
Full-Scale Input

odB
S/(N+D): 86.1 dB
208 [} - - - - - - - -
T - e
Signal 60dB @ - - - - - mm s m - = - - - - - - -
Amplitude R o o o o - o
Relative to
Full Scale 80dB [ -~ - " c T c - - - - oo oo
100dB  fmmh - - - - - - - - - - - - - - - - - - - - - -

-120dB
dc fs/2
Input Frequency

Figure 21. Plot é Ideal 14-bit ADC

0.0
7777777777777 Sampling Rate: 100kHz
Full Scale: 9Vp-p
200 18 - - - - - - - - - - SIN+D: 73.6dB

Signal

Amplitude
Relative to

Full scale 090
(dB)

-80.0

-100.0

-120.0

dc 1.0 50.0
Input Frequency (kHz)

Figure 19 Plot of CS5012A with 1 kHz
Full Scale Input

ures 21and 23 slow FFT plotscompued from

an ideal 14 and 16-bit swave multiplied by a
Blackman-Harris window. Artifacts d window-
ing are discarded from the signal-to-noise
calculation using the assumption that quantization
noise is white. All FFT plots in this data sheet
were deived by averaging the FFT results from
ten 1024 point time records. THifters the spec-
tral variability that can arise from capturirigite
time records without disturbing the total eme
outside the fundamental. All harmonics whest

ist alove the noise floor and the -92 dB
side-lobes from the Blackman-Harris wowd are
therefore clearlyvisible in he plots. For more in-
formation on FFTs and windwing refer to:F.J.
HARRIS, "On tte use & windows for harmonic

0dB
——————————— Sampling Rate: 56 kHz
Full Scale: 9V p-p
20dB fp- - - - -
od S/(N+D): 85.3 dB
B R e
Signal - 07e =
Amplitude — [B_ o oo
Relatveto |}
Full Scale ~ -80dB
-100dB

-120dB

t 1 kHz
dc

Input Frequency

Figure 22. CS5014FT plot with 1 kHz
Full Scale Input
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0dB 0dB
,,,,,,,,,, SI(N+D): 97.5 dB - - - - - - - - - - - Sampling Rate: 50 kHz
200B F g - - - - - - - - - oo oo oo 200B [ § - - " " "~ - Full Scale: 9V p-p
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SI(N+D): 92.4 dB
40dB P f - - - - st s s s s s s s s e 40dB Ff - Tt Tt s s s s s s s e
60dB [ g - - - - - - s - - - - - 60dB [f - " " Tt -- -
signaa [ F " -~ -~ -~ -~ -~ - - - - -0 0T 0T signal ¥y - - - -~ -~ -~ -~ -~ - - -0
Amplitude B0 | T Amplitude -80dB g - - - " - - - Tttt s s s s
Relatveto [ B - - - - - - - - - - - - - - - - - - Relatveto }® - - - - - - - - - - o o o o o o - - - L o
Full Scale 1008 M- Full Scale -100dB L
-120dB -120dB
de fs/2 dc b ke 25 kHz —1

Input Frequency

Figure 23. Plot of Ideal 16-bit ADC

analysis with the Discret&ourier Transform”,
Proc. IEEE,Vol. 66, No. 1, Jan 1978, pp.51-83.
This is available on request from Crystal Semi-
condtctor.

Figures 19, 22, and 24 stv the paformance of
the CS5012A/14/16 with 1kHz full scale inputs.
Figure 20 sbhws CS5012A performance with
12kHz full scale inputs. Notice that the perform-
ance CSB12A/14/16 closely gproadies hat of
the corresponding ideal ADC.

Input Frequency

Figure 24. CS5016-FT plot with 1 kHz
Full Scale Input

CS5012A High Frequency Performance

The CS5012A performs very well over a wide
range of input frequencies asosim in Figure 25.
The figure depicts the CS5012A&P7 tested un-
der four dfferent conditions. The conditions
include tests with theoltage reference set at 4.5
and at 2.5/0lts with input signals at 0.5 dBoan
from full scale and 6.0 dBawn from full scale.
The sample rate is at 100 kHz for all cases. The
plots indicate that the part performs very well
even with input frequencies abke the Nyquist
rate. Best perforrmge at be higher frequencies
is acheved with a 2.5volt reference.

75 —
B i e A A CS5012A-KP7 f5=100 kHz
) VREF Signal
45 FS-0.5dB
70 25 FS-0.5dB
45 FS-6.0dB
Signal to 25 FS-6.0dB
N (oI e e B S S e T S T
Distortion ~ — - - - - - |- - - - - - - T I ma - - C TP T2 Tt T ittt s b s s s e
(dB) 65
60 N A
S R RS (EEEES EEREEY SRS ST (RS B \ N
55 I
0 20 40 60 80 100 120 140 160 180 200
fg /2 fs
Input Frequency (kHz)
Figure 25. CS5012A HighFrequency Input Performance
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100 dB

80 dB

20 dB

0dB

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

Figure 26. CS5014S/(N+D) vs. Input Amplitude
(9Vp-p Full-Scale Input)

100 dB
| | | | | |1 kHz
goB . L | 1 | A 12kHz
‘ ‘ ‘24 kHz
Input
O 60dB |- —  —— }— —Frequency,
+
% | | |
40dB _ S —
T [
ol — 10 L L]
\ \
0dB | | |
-100dB -80dB -60dB -40dB -20dB 0dB

Analog Input Amplitude

Figure 28. CS5016S/(N+D) vs. Input Amplitude
(9Vp-p Full-Scale Input)

Signal to Noise + Distortion vs Signal Level

As illustrated in Figures 26 - 29, the CS50124416
on-chip self-calibration videsvery accurate bit
weights which yeld no degradation in quante
tion noise with dw-level input signals. In fact,
quantization noise remains bel the noise floor
in the CS5016, which dictates theneerters sig-
nal-to-noise performance.

CS5016 Noise Considerations

All analog circuitry in the CS5016 is wideband in
order to achéve fast cawersions and high
throughput.Wideband noi® in the CS5016 imt
grates to 35V rms in unipolar mode (7 rms

in bipolar mode). This is approximately 1/2 LSB

CS5012A, CS5014, CS5016

0dB

Sampling Rate: 56 kHz
20dB [ - - " " 7 7 7 7T Full Scale: 9V p-p
,,,,,,,,,,,, SI(N+D): 24.1 dB

B B

Signal -60dB
Amplitude
Relative to
Full Scale -80dB

-100dB

-120dB

Input Frequency

Figure 27. CS5014FT plot with 1 kHz
-60 dB Input

0dB

Sampling Rate: 50 kHz
E2{0]o|= 2 Full Scale: 9V p-p
———————————— S/(N+D): 9.6 dB

BT R

BTl - R T R

Signal
Amplitude -80dB
Relative to

Full Scale -100dB

-120dB

L1 kHz 25 kHz —

Input Frequency

Figure 29. CS5016-FT plot with 1 kHz
-80 dB Input

rms with a 4.5V reference in both modes. Figure
30 stows a histogam plot d output coe occur-
rences obtained from 5000 sampldeetafrom a
CS5016 in the bipolar mode.ekhdecimal code
80CD was arbitrarily selected and the analog in-
put was set close to code cemtd/ith a noiseless
converter, coce 80CD would always appear. The
histogram plot of the CS5016 has a "bell" shape
with all codes other than 80CD due to internal
noise.

In a sampled data system all information about the
analog input applied to the sample/hold appears in
the baseband from dc to one-half the sampling rate.
This includes high-freques components which
alias into the basebandow-pass (anti-aliashilters
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Count formed on the chrge trapped on the capacitor ar-
5000 | Noiseless ray at the moment thdOLD command is iyen.
Converter The chage on the array is ideally related to the
4000 T [ csso16 analog inputvoltage by Qn = -Vin X Ciot as
shown in Figure 2. Ay deviation from this ideal
3000 T relationship will result in caversion errorseven

if the conversion pocess poceeds flawlessy.
2000
At dc, the DAC capacibr arrays voltage coiéi-
cient dictates the anverters lineariy. This
variation in capacitance with respect to applied
signal voltage yelds a nonliner relationship fe-

1000

80CA | 80CB | 80CC ' 80CD 'BOCE  8OCF @ 80D0 tween chage Qin and the analog inputoltage
Code (Hexadecimal) Vin and plaes a bow or wave in the trander
Counts: 0 11 911 3470 599 9 0 function. This is the dominant source of distor-

Figure 30. Histogram Plot of 5000 Conversion tion at bw input frequencies (Figures 22 and 24).

Inputs from the CS5016 ) ) ]
The ideal relationship betweeninQand Mn can

are berefore used to remove dxgercy comnpo- also be distoad at high signalregiencies due to
nents in the input signal which areos one-half  nonlinearities in the internal MOS switches. Dy-
the sample rate. dvever, all wideband noise in- namic signals cause ac current towflthrough
troduced by the CS5016 still alesinto the the switches connecting the capacitor array to the
baseband. This "white" nasis evenly spead analog input pin in the track mode. Nonlinear on-
from dc to one-half the sampling rate and inte- resistance in the switches causes a nonlinear
grates to 35V rms in unipolar mode. voltage drop. This féect worsens with increased
signal frequeay as slown in Figures 26 and 28
Noise can be reduced by sampling at higher tharsince the magnitude of the steady state current in-
the desiredword rate andaveraging multiple creases. First noticeable hkHz, this distortion
samples for each word.v@&rsampling spreads the assumes a linear relationship with inpué-fr
CS6016's noise wer a wider band (forolver quercy. With signals 20 dB or more below
noise density), andveraging applies aol-pass full-scale, it no longer dominates thergerters
response whicHilters noise abve the desired overall S/(N+D) performance (Figures 31-34).
signal bandwidth. In general, the CS5&l60oise
performance can be maximized inyaapplication  This distortion is strictly an ac sampling ggh
by always sampling at the maximum sped nomenon. If sigrficant enegy exists at high
rate of 50kHz (for lowest noise density) and frequencies, thefect can be eliminated using an
digitally filtering to the desired signal bandwidth. external track-and-hold amfier to albw the ar-
ray's chage current to degathereby eliminating
CS5014 and CS5016 Sampling Distortion any voltage drop across the switches. Since the

. T CS5014/16 has a second sampling function on-
'I_'he L_Jltlmate Il_mlta_tlon on the C8501.4/356 chip, theexternal track-and-hold can return to the
linearity (and distortiorn) arises from nonidel

. . . track mode once the neertefs HOLD input
sampling Of the analog mpu_ﬁoltage. The Ca.l" falls. It need only acquire the analog input by the
brated capecitor aray used during COVETSIONS 1S time the entire awversioncycle finishes.
also used to track and hold the analog input sig-
nal. The conversion is not prformed on the

analog inputvoltage per sebut is actually per-
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]
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Figure 31. CS5014FT plot with 12 kHz Figure 32. CS5014FT plot with 12 kHz
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C
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Figure 34. CS5016-FT plot with 12 kHz
-20 dB Input

Figure 33. CS5016-FT plot with 12 kHz
Full Scale Input

Clock Feedthrough in the CS5014 and CS5016

Maintaining the inggrity of analog signals in the
presence of digital switching noise is dfidult
problem. The CS5014/16 can be synchronized to

(Figure 35),but the probability of this occurring
is small since the peaks arekgs of short dura-

the digital system using the CLKIN input to Master Clock Analog Input Clock Feedthrough
avoid cawersion erors dwe to mynchronous in- InYExt  Freq | Source Impedance| RMS Peak-to-Peak
terference. lewever, digital interference will still 'E“te”‘a'l ;m:z 280 ;:ux ZS:VV
affect sampling purity due to coupling between | 2 ™2 2 - - —
the CS5014/16 analog input and master clock. £ icmal avnz %0 TN, 1100V

External 4MHz 2000 80uVv 325uv

The dfect of clock feedthrough @pends on the
sampling conditions. If the sampling signal at the
HOLD input is synchronized to the master clock
clock feedthrough will appear as a dtset at the
CS5014/16s output. The fiset could theoreti-
cally reach the peak coupling magnitude

Figure 3. Examples of Measured Clock Feedthrough

' If sampling is performed asynchronously with the
master clock, clock feedthrough will appear as an
ac error at the CS5014/860utput.With a fixed
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sampling rate, a tone will appear as the clock fre-
guercy aliases into the baseband. The tone
frequerty can e calculated using tke equetion
below and could be selagely filtered in soft-
ware using DSP techniques.

fone = (N fs - fclk)

where N = fck/fs rounded to the nearest integer

The magnitude of clock feedthrough depends on

the master clock conditions and the source im-
pedance @plied to the aalog input. When
operating with the CS5014/K5internally gener-
ated obck, the CLKIN input is graunded and the
dominant source of coupling is through the de-
vice's subgiate. As stown in Figue 35, a typica
CS5014/16 operating with their internal oscillator
a 2 MHz ard 50Q of analog input source im-
pedance willexhibit only 15uV rms of clock
feedthrough. ldwever, if a 2 MHz external clock

is applied to CLKIN under the same conditions,
feedthrough increases to ¥ rms. Feedthrough
alo increass with clock frequerty; a 4 MHz
clock yields 4QuV rms.

Clock feedthrough can be reduced by limiting the

Differences between the CS5012A and the
CS5012

The diferences between éhCS5012Aand the
CS5012are tabulated in Table 3. The CS5012 is

a shorteycled version of the CS5016 A/D con-
verter and includes the same 18-bit calibration
circuitry. This calibration circuitry sets the cali-
bration resolution of the CS5012 at 1/64th of an
LSB and adieves the near perfect tferential
linearity performance illustrated by the CS5012
DNL plot in Figure 15. The CS5012A calibration
circuitry was modiied to povide calibration to
15-bit resolution therefore aaing calibration

to 1/8 of an LSB. This reduction in calibration
resolution for the CS5012A reduces the time re-
quired to calibrate theedice (seeTable 3) and
reduces the size of the total array capacd.
The rediced array capacitance pnoves he high
frequency performane by allowing highe slew
rate in the input circuiy

Table 3 documents some other iimy@ments in-
cluded in the CS5012A. Theurst mode
calibration was made functional, although it
should not b used. The dvice wasaso modfied
so theEOC signal goesolv at the end of a reset

source impedance applied at the analog input. Agalibration in either microprocessor or microproc-

shown in Figue 35, redwing souce impedance
from 50Q to 25Q yields a 154V rms reduction
in feedthrough. Therefore, when evgting the
CS5014/16 with higlirequency external mester
clocks, it is important to minimize source imped-
ance applied to the CS5014/4 énput.

Also, theoveral effect of clock feedthrough can
be minimized by maximizing the input range and
LSB size. The referenomltage applied to VREF

can be maximized, and the CS5014/16 can be op

erated in bipolar mode which inherently doubles
the LSB sizeover the unipolar mode.

esso-independent mode. The CS5@ 2vas
modified to maintain a throughput rate of 64
CLKIN cycles in loopback mode for all frequen-
cies of CLKIN.

Schematic & Layout Review Service
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Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.
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CS5012A

CS5012

Calibration resolution

15 bits. Results in DNL calibration
to 1/8 LSB at 12 bits.

18 bits. Results in DNL calibration
to 1/64 LSB at 12 bits.

Calibration time
reset:
interleave:
burst:

58,280 CLKIN cycles
2,014 conversions
fully functional

1,441,020 CLKIN cycles
72,051 conversions
not functional

End of calibration
indicator

EOC falls in either microprocessor
or microprocessor-independent
mode at the completion of a RESET
calibration cycle.

EOC falls at the completion of a RESET
calibration cycle in microprocessor mode

only. In microprocessor-independent mode
EOT must be used. EOT falls 15 CLKIN
cycles after completion of a RESET calibration.

Throughput rate in
loopback mode

The device acquires and converts
a sample in 64 CLKIN cycles for all

CLKIN frequencies when in loopback.

The device acquires and converts in 64
CLKIN cycles for CLKIN=4MHz, but will
require 68 CLKIN cycles at 100kHz through-
put. This is due to excess delay on EOT.

Input capacitance
in fine-charge mode

103pF typical, unipolar mode
72pF typical, bipolar mode

275pF typical, unipolar mode
165pF typical, bipolar mode

Slew Rate
Unipolar
Coarse charge
Fine charge
Bipolar
Coarse charge
Fine charge

20V/us
1.5V/us

40V/us
3.0V/us

5V/us
0.25V/us

10V/us
0.5V/us

Table 3. Diff erences Betwen the CS5012A and CS5012
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INTRLV

CS5012A, CS5014, CS5016

HOLD CS CAL 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 statis of AO is not critical to the operation gecified. However, A0 should not be low with
CS andHOLD low, or a software reset will result.

Table 4 CS5012A/14/16 Truth Table

+5V

Anal 10Q
nalog -
Supply =L [25 hl o.ﬂ UF
02]?1[: VA+ VD+ 33
V BW " "~ Mode
BP/UP | 24 Select *
20 Clock a
CS5012A CLKIN Source
CS5014 (optional)
CS5016 :
40 Serial
SDATA Data
scLk |39 Interface
(optional)
Analog : 2000 T
. Signal 26 Data
glc?;ile O Conditioning AIN D0-D15 |8 or 16 Processor
1000 pF EOC 38
% = | 37 May be
EOT 1 microprocessor
HOLD or discrete logic.
0 » VREF 35
or CAL a Control
+VREF INTRLV Logic
— |21
CS
— | 22
Voltage 28 VREF RD s
Reference | 0.01.] uF A0 Unused Logic inputs should only
T T RESET 32 Resel be connected to VD+ or DGND.
10] ue 27/ AGND TST 31 Generator * BW and BP/UP should always
29 10 be terminated to VD+ or DGND,
N4 0.1uF REFBUF DGND or driven by a logic gate.
— o.ﬂuF VA- VD- | 0.1pF + :
30 36 e For best dynamic
-5V T 10Q T S/(N+D) performance.
Analog
Supply
Figure 36. CS5012A/14/16 System Connection Diagram
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CS5012A, CS5014, CS5016

HOLD

CS5016 (LSB) DATA BUS BIT 0
DATA BUS BIT 1

CS5014 (LSB) DATA BUS BIT 2
DATA BUS BIT 3

CS5012 (LSB) DATA BUS BIT 4
DATA BUS BIT 5

DATA BUS BIT 6

DATA BUS BIT 7

DIGITAL GROUND

POSITIVE DIGITAL POWER
DATA BUS BIT 8

DATA BUS BIT 9

DATA BUS BIT 10

DATA BUS BIT 11

DATA BUS BIT 12

DATA BUS BIT 13

DATA BUS BIT 14
(MSB) DATA BUS BIT 15
CLOCK INPUT

HOLD
DO
D1
D2
D3
D4
D5
D6
NC
D7

DGND

VD+
NC
D8
NC
D9
D10
D11
D12
D13
D14
D15

HOLD

D1

©O© 00O NOoO O WN PP

Y e e e e A e e e s e Y

S

U

N N [ N Iy o

7 SDATA  SERIAL OUTPUT
] SCLK SERIAL CLOCK
38/] EOC END OF CONVERSION
] EOT END OF TRACK
7 VD- NEGATIVE DIGITAL POWER
] CAL CALIBRATE
34]] INTRLV  INTERLEAVE
1 BW BUS WIDTH SELECT
1 RST RESET
1 TST TEST
] VA- NEGATIVE ANALOG POWER
] REFBUF REFERENCE BUFFER OUTPUT
1 VREF VOLTAGE REFERENCE
7 AGND  ANALOG GROUND
7 AIN ANALOG INPUT
1 VA+ POSITIVE ANALOG POWER
] BP/UP  BIPOLAR/UNIPOLAR SELECT
1 A0 READ ADDRESS
1 RD READ
1 Cs CHIP SELECT
SDATA
SCLK
EOC
EOT
% VD-
CAL
/ INTRLV
o
370
ggg? TST
ug—— VA-
o NC
sh REFBUF
233\ VREF
\ AGND
- AIN
\ VA+
BP/UP
AO
RD
cs
CLKIN

NOTE: All pin refaences in this data sheedfa to the 40-pin DP package numbering.
Use thisfigure to determire pin numbes for 44-pin pakage.
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PIN DESCRIPTIONS

Powea Supply Connections

VD+ - Positive Digital Power, PIN 11.
Positve digital ppwer suppy. Nominally +5volts.

VD- — Negative DigitalPower, PIN 36.
Negaive digital pwer suppy. Nominally -5volts.

DGND - Digital Ground, PIN 10.
Digital ground.

VA+ - Positive AnalogPower, PIN 25.
Positve analog pwer suppy. Nominally +5volts.

VA- — Negatve AnalogPower, PIN 30.
Negaive analog pwer suppy. Nominally -5volts.

AGND - Analog Gound, PIN 27.
Analog ground.

Oscillator

CLKIN - Clock Input, PIN 20.
All conversions and calibrations are timed from a master clock which can either be supplied by

driving this pin with anexternal clock signal, or can be internally generated by tying this pin to
DGND.

Digital Inputs

HOLD - Hold, PIN 1.
A falling transition on this pin sets the CS5012A/14/16 to the hold state and initiate&esicn.
This input must remairolv at least one CLKINycle plus ® ns.

CS - Chip Select, PIN 21.
When high, the dataus outputs are held in a high impedance state and the input to CAL and
INTRLV are ignored. Afalling transition initiates or terminatdsirst or interleve calibration
(depending on the status of CAL aMITRLV) and a rising transition latches both the CAL and
INTRLV inputs. IfRD is low, the dataus is diven as indicated by BW and AO.

RD — Read, PIN 22.
WhenRD andCS are bothdw, data is dwen onto the dathus. If either signal is high, the data

bus outputs are held in a high impedance state. The data dnto thébus is determined by BW
and AO.
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A0 — Read Addess, PIN 23.
Determines whether data or status information is placed onto theusaté&/hen high during the
read operation, ewerted data is placed onto the dbtes; when dw, the statusegister is diven
onto thebus.

BP/UP — Bipolar/Unipolar Input Select, PIN 24.
When high, the éice is coifigured with a bipolar transfer function ranging from -VREF to
+VREF Encoding is in anféset binary format, with the mid-scale code 100...0000 centered at
AGND. When tw, the avice is corigured for a unipolar transfer function frodMGND to VRE=
Unipolar encoding is in straight binary format. Once calibration has been performed, either bipolar
or unipolar mode may be selected without the need to recalibrate.

RST - Reset, PIN 32.
When taken high for at least@fs, all internal digital logic is reset. Upon being takam b full
calibration sequence is initiated.

BW — BusWidth Select, PIN 33.
When hard-wired high, all 12 data bits arévein onto thebus simultaneously during a data read
cycle. When dw, thebus is in a byte wide format. On tliest read folowing a cawersion, the
eight MSBs are dven onto DO-D7. A second reayicle places the four LSB with four trailing
zeros on DO-D7. Subsequent reads will toggle the highevlorder byte. Byardless of BW
status, a readycle with AO low yields the status information on DO-D7.

INTRLV - Interleave, PIN 34.
When latcheddw using CS, the dvice goes into interbwe calibration mode. A full calibration
will complete every 2,014 caoversions in the CS5012A, araery 72,051 coversions in the
CS5014/16. Thefective cawersion timeextends by 20 clockycles.

CAL - Calibrate, PIN 35. (See Addendum appending this data sheet))
When latched high usin@S, burst calibration results. Theadce cannot perform cwersions
during the calibration period which will terminate only once CAL is latchmd &gain.
Calibration picks up where theguious calibration left ff, and calibratiorcycles completevery
58,280 CLKINcycles in the CS5012A, araery 1,441,020 CLKINcycles in the CS5014/16 . If
the dvice is cawerting when a calibration is signaled, it will wait until thain@rsion completes
before leginning.

Analog Inputs

AIN — Analog Input, PIN 26.
Input range in the unipolar mode is zewits to VRE- Input range in bipolar mode is -VREF to
+VREF. The output impedance biffer driving this input should be less than or equal 10 Q0
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VREF -Voltage Refeence, PIN 28.
The analog referenasmltage which sets the analog input range. It representsvpdsill scale for
both bipolar and unipolar operation, and its magnitude sgtdve full scale in bipolar mode.

Digital Outputs

DO through D15 — Data Bus Outputs, PINS 2 thru 9, 12 thru 19.
3-state output pins. Enabled IS and RD, they offer the cowertefs autput in a format
consistent with the state of BW if AO is high. If AO @sv] bits DO-D7 dfer status egister data.

EOT — End Of Track, PIN 37.
If low, indicates that enough time has elapsed since the lagrsion for the evice to acquire
the analog input signal.

EOC - End Of Caversion, PIN 38.
This output indicates the end of angersion or calibratiortycle. It is high during a ewersion
and will fall to a bw state upon completion of the reersion cycle indicatingvalid data is
available at the output. Returns high on fist subsequent read or the start ofear manversion
cycle.

SDATA - Serial Output, PIN 40.
Presents each output data bit after it is determined by the suecapproximation algorithm.
Valid on the rising edge of SCLK, data appears Mi&&, LSB last, and each bit remaivealid
until the rext bit appears.

SCLK - Serial Clock Output, PIN 39.
Used to clock caverted output data serially from the CS5012A/14/16. Serial data is stable on the
rising edge of SCLK.

Analog Outputs

REFBUF - Refeence Buffer Output, PIN 29.
Referencdouffer output. A OL uF ceramic capacitor must be tied between this pinvaad

Miscellaneous

TST —Test, PIN 31.
Allows access to the CS5012A/14A4 st functions which are reged forfactory use. Must be
tied to DGND.
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PARAMETER DEFINITIONS

Linearity Er ror
The dviation of a code from a straight line passing through the endpoints of the transfer
function after zero- and full-scale erroravé been accountedrfd’Zero-scale” is a point 1/2 LSB
below the first code transition and "full-scale" is a point 1/2 LS&dnd the code transition to
all ones. The @viation is measted fom the middé of each particular code. Units in %
Full-Scale.

Differential Linearity
Minimum resolution for which no missing codes is guaranteed. Units in bits.

Full Scale Enror

The cbviation of the last code transition from the ideal (VREF-3/2 1s$B
Units in LSBs.

Unipolar Offset
The dviation of the first code transition from the ideal (1/2 LSBoab AGND) when in
unipolar mode (BP/UPRol). Units in LSBs.

Bipolar Offset
The cbviation of the mid-scale transition (011...111 to 100...000) from the ideal (1/2 L&B bel
AGND) when in bipolar mode (BBP high). Units in LSEs.

Bipolar Negative Full-Scale Eror o
The ceviation of thefirst code transition from the ideal when in bipolar mode (BPhigh). The
ideal is déined as lying on a straight line which passes througHfitia and mid-scale code
transitions. Units in LSB.

Peak Harmonic or Spurious Noise (Moe accuratey, Signal toPeak Harmonic or Spurious Noise)
The ratio of the rmsalue of the signal to the rmalue of the ext largest spectral component
below the Nyquist rateekcepting dc). This component is often an aliased harmonic when the
signal frequeoy is a signiicant proportion of the sampling rate. Expressed in decibels.

Total Harmonic Distortion
The ratio of the rms sum of all harmonics to the waise of the signal. Units in percent.

Signal-to-Noise Ratio
The ratio of the rmwalue of the signal to the rms sum of all other spectral components bel
the Nyquist rategkcepting dc), including distortion components. Expressed in decibels.

Aperture Time
The time required after the hold command for the sampling switch to opgnHidéictively a
sampling delay which can be nulled byaxcing the sampling signal. Units in nanoseconds.

Aperture Jitter
The range ovariation in the aperture timeffEctively the "sampling windw" which ultimately
dictates the maximum input signalesl rate acceptablefor a gven accuracy. Units in
picoseconds.

NOTE: Tempeatures specfied ddine ambiet conditions in fee-ar during test and dmot refe to the junction
tenperature of the device.
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CS5012A Ordering Guide

Model Throughpu t Conversion Time Maximum DNL Temp.Range Package

CS5012A-BP7 100 kHz 7.20 Us +1/2 LSB -40 to +85°C  40-Pin Plastic DIP

CS5012A-BL7 100 kHz 7.20 pys +1/2 LSB -40 to +85°C  44-Pin PLCC
DS14F7
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CS5016 Ordering Guide

Model
CS5016-JP32
CS5016-JP16
CS5016-KP32
CS5016-KP16
CS5016-JL32
CS5016-JL16
CS5016-KL32
CS5016-KL16
CS5016-AP32
CS5016-AP16
CS5016-BP32
CS5016-BP16
CS5016-AL32
CS5016-AL16
CS5016-BL32
CS5016-BL16
CS5016-SD16
CS5016-TD16
CS5016-SE16
CS5016-TE16
5962-8967601QA
5962-8967602QA
5962-8967601XA
5962-8967602XA

Linearity
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0030%
.0030%
.0015%
.0015%
.0076%
.0015%
.0076%
.0015%
.0076%
.0015%
.0076%
.0015%

Signal to
Nois e Ratio

87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
87 dB
90 dB
90 dB
87 dB
90 dB
87 dB
90 dB
87 dB
90 dB
87 dB
90 dB

The following is a list of upgraded part numbers.

Disconti nued
Part Number
CS5016-SD16B
CS5016-TD16B
CS5016-SE16B
CS5016-TE16B

CS5012A, CS5014, CS5016
]

Conversion Time Temp. Range
32.50 ys Oto 70 °C
16.25 us 0to70°C
32.50 s 0to70°C
16.25 us 0to70°C
32.50 Ys 0to 70 °C
16.25 Ys 0to 70 °C
32.50 Ys 0to 70 °C
16.25 us 0to70°C
32.50 s -40 to +85 °C
16.25 us -40 to +85 °C
32.50 Ys -40 to +85 °C
16.25 s -40 to +85 °C
32.50 Ys -40 to +85 °C
16.25 s -40 to +85 °C
32.50 s -40 to +85 °C
16.25 us -40 to +85 °C
16.25 us -55 to +125°C
16.25 ps -55 to +125°C
16.25 s -55 to +125°C
16.25 s -55 to +125°C
16.25 s -55 to +125 °C
16.25 s -55 to +125 °C
16.25 s -55 to +125 °C
16.25 ps -55 to +125°C

Equivalent

Recommended Device

5962-89676010QA
5962-8967602QA
5962-8967601XA
5962-8967602XA

Package

40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
40-Pin Plastic DIP
44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

44-Pin PLCC

40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC
40-Pin CerDIP
40-Pin CerDIP
44-Pin Ceramic LCC
44-Pin Ceramic LCC

DS14F7
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MILLIMETERS INCHES
40 21 T DIM | MIN | NOM | MAX | MIN | NOM | MAX
E1l 40 pin A 3.94 | 432 | 5.08 |0.155|0.170 | 0.200
1 20 Plastic DIP Al | 051 | 0.76 | 1.02 |0.020|0.030|0.040
T T T A T T AT T T AT AT AT A AT AT ATATATATATE B 0.36 | 0.46 | 0.56 |0.014|0.018 | 0.022

Bl | 102|127 | 1.65 |0.040  0.050 | 0.065

| D | C |0.20]0.25 ] 038 |0.008]0.010]0.015
‘ | 1 i D |51.6952.20|52.71|2.0352.055 | 2.075
SEATING i A E1 |13.72|13.97|14.22|0.540 | 0.550 | 0.560
!ﬁ 777777777777 allL \/b* Cala el | 241 | 254 | 2.67 |0.095|0.100 | 0.105
B1 o1 I_ ! e oA ] eA |1524| - ]15.87|0.600| - |0.625
B L |318| - |381]0125] - |0.150

NOTES: O | o - 15 0 - 15

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION eA TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.




44 pin
PLCC

NO. OF TERMINALS
MILLIMETERS INCHES
DIM | MIN | NOM | MAX | MIN | NOM | MAX
A | 4.20 | 4.45 | 4.57 |0.165|0.175|0.180
Al | 2.29 | 2.79 | 3.04 |0.090/0.110{0.120
B |0.33|0.41|0.53|0.013/{0.016|0.021

o 9 o D/E |17.40/17.53|17.65|0.685|0.6900.695
| b1 D1/E1|16.51|16.59|16.66|0.650|0.653 |0.656
| b D2/E2|14.99|15.50|16.00|0.590|0.610|0.630

e |1.19|1.27 | 1.35 [0.047|0.050|0.053
1
[ - 1
1
5 - e )
A

D2/E2




A O O O P O O P A A P ML M

40 21 _ MILLIMETERS INCHES
E1 40 pin DIM | MIN |NOM| MAX| MIN | NOM[ MAX
1 20 CerDIP A 406 | — | 5.84|0.160 | — | 0.230
T T T T T T T T T T T T T B T T T BT LT B Al 051 | — | 1.27 |0.020 | — | 0.050
B 0.38 | 0.46 | 0.56 | 0.015 | 0.018| 0.022

Bl | 127 | — |1.65|0.050 | — | 0.065
C 0.20 | 0.25 | 0.30 | 0.008 |0.010| 0.012
D 50.29 |52.32|52.57|1.980 | 2.060| 2.070

SEATING

PLANE \/, c J‘L E1 | 12.70|14.73|15.37|0.500 |0.580| 0.605
fe—eA ] el 2.41 | 2.54 | 2.67 | 0.095 |0.100| 0.105

B1 eA | 15.11|15.24|15.37|0.595 |0.600 | 0.605

. L 2.92 | 3.81 | 4.06|0.115 |0.150| 0.160

NOTES: O 5° J— 15° 5° _ 15°

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION eA TO CENTER OF LEADS WHEN FORMED PARALLEL.




28/44 pin

CLCC 15

Top View D4/E4

J

NO. OF TERMINALS

28 44
MILLIMETERS INCHES MILLIMETERS INCHES
DIM MIN | NOM | MAX | MIN |[NOM| MAX | MIN [NOM|MAX | MIN |[NOM | MAX
A 2.54 | 3.05 | 3.430.100/0.120|0.135| 2.54 | 3.05 | 3.43 |0.100|0.120|0.135
B 0.33 | 0.46 | 0.58 |0.013/0.018/0.023| 0.33 | 0.46 | 0.58 |0.013|0.018|0.023

B1 0.51|0.64 | 0.81 | 0.02 |0.025/0.032| 0.51 | 0.64 | 0.81 | 0.02 |0.025|0.032

D/IE 12.19(12.46|12.70|0.480/0.490(0.500|17.27|17.53|17.78|0.680|0.690|0.700

D1/E1 |11.18|11.43/11.68|0.440/0.450|0.46016.26|16.51|16.76|0.640|0.650|0.660

D2/E2 7.49 | 7.62 | 7.75|0.295/0.300/0.305|12.57|12.70|12.83|0.495 |0.500| 0.505

D4/E4 |10.80|10.92|11.05|0.425|0.430|0.435|15.88|16.00|16.13|0.625|0.630(0.635

el 1.14 | 1.27| 1.40|0.045|0.050/0.055| 1.14 | 1.27 | 1.40|0.045|0.050{0.055
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