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FEATURES

Single 5V Supply

Bipolar Input Range: 10V

Power Dissipation: 55mW Typ

Guaranteed No Missing Codes

Sample Rate: 100ksps

Integral Nonlinearity: +2.0LSB Max
Signal-to-Noise Ratio: 86dB Typ

Operates with Internal or External Reference
Internal Synchronized Clock

Improved 2nd Source to ADS7805 and AD976
28-Lead SSOP and SW Packages

APPLICATIONS

Industrial Process Control
Multiplexed Data Acquisition Systems
High Speed Data Acquisition for PCs
Digital Signal Processing

| t / \D LTC 1605

ECHNOLOGY

16-Bit, 100ksps,
Sumpling ADC

DESCRIPTION

The LTC®1605isa 100ksps, sampling 16-bit A/D converter
that draws only 55mW (typical) from a single 5V supply.
This easy-to-use device includes sample-and-hold, preci-
sionreference, switched capacitor successive approxima-
tion A/D and trimmed internal clock.

The LTC1605’s input range is an industry standard +10V.
Maximum DC specs include £2.0LSB INL and 16-bits no
missing codes overtemperature. Anexternal reference can
be used if greater accuracy over temperature is needed.

The ADC has a microprocessor compatible, 16-bit or two-
byte parallel output port. A convert start input and a data
ready signal (BUSY) ease connections to FIFOs, DSPs and

MiCroprocessors.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other trademarks are the property of their respective owners.

TYPICAL APPLICATION

Low Power, 100kHz, 16-Bit Sampling ADC on 5V Supply

Typical INL Curve
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LTC 1605

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
VANA .......................................................................... 1A'
VDIG 1O VANA «oreererreiereee e 0.3V
VDIG creveerrerereriie sttt N
Ground Voltage Difference
DGND, AGND1 and AGND2..........c.cocvevevevererrnne +0.3V
Analog Inputs (Note 3)
VIN coereeeeeeee ettt +25V
CAP....ovveeeeeeeen, Vana + 0.3V to AGND2 - 0.3V
] = Indefinite Short to AGND2

.......................................... Momentary Short to Vayna
Digital Input Voltage (Note 4).......... DGND - 0.3V to 10V
Digital Output Voltage......... Vpgnp — 0.3V 10 Vpg + 0.3V

Power DisSipation ............ccccoveveeeeeeeeciecceee, 500mWw
Operating Ambient Temperature Range
LTC1605C ..o 0°Cto 70°C
LTC1605! ... -40°C to 85°C
Storage Temperature Range .................. -65°C to 150°C
Lead Temperature (Soldering, 10 SEC)................... 300°C

28-LEAD PDIP

Tymax = 125°C, 6y = 95°C/W (G)
Tymax = 125°C, 6,p = 130°C/W (N)
Tymax = 125°C, 6yp = 130°C/W (SW)

EXPOSED PAD (PIN #) IS GND, MUST BE SOLDERED TO PCB

PIN CONFIGURATION
TOP VIEW
vin [1] ~ 28] Vpig
AGND1 [2]] [27] Vana
REF [3] [26] BUSY
cAP [4] [25] TS
AGND2 [5 | [24] RIC
D15 (MSB) [6 | 23] BYTE
D14 [7] 22] DO
D13 [8| 21] D1
D12 [9] 20] D2
D11 [10] 19] D3
D10 [11] 18] D4
D9 [12] [17] D5
D8 [13] 16] D6
DGND [14] 15] D7
OBSOLETE PACKAGE G PACKAGE SW PACKAGE
NPACKAGE ~ 28-LEAD PLASTIC SSOP  28-LEAD PLASTIC SO WIDE

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC1605ACG#PBF LTC1605ACG#TRPBF 1605ACG 28-Lead Plastic SSOP 0°Cto 70°C
LTC1605AIG#PBF LTC1605AIG#TRPBF 1605AI1G 28-Lead Plastic SSOP -40°C to 85°C
LTC1605CG#PBF LTC1605CG#TRPBF 1605CG 28-Lead Plastic SSOP 0°Cto 70°C
LTC16051G#PBF LTC1605IG#TRPBF 16051G 28-Lead Plastic SSOP -40°C to 85°C
LTC1605ACSW#PBF LTC1605ACSW#TRPBF | 1605ACSW 28-Lead Plastic SO Wide 0°Cto 70°C
LTC1605AISW#PBF LTC1605AISW#TRPBF | 1605AISW 28-Lead Plastic SO Wide -40°C to 85°C
LTC1605CSW#PBF LTC1605CSW#TRPBF 1605CSW 28-Lead Plastic SO Wide 0°Cto 70°C
LTC1605ISW#PBF LTC1605ISW#TRPBF 16051SW 28-Lead Plastic SO Wide -40°C to 85°C
OBSOLETE PACKAGE

LTC1605CN#PBF LTC1605CN#TRPBF 1605CN 28-Lead PDIP 0°C to 70°C
LTC1605IN#PBF LTC1605IN#TRPBF 1605IN 28-Lead PDIP -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.
Consult LTC Marketing for information on nonstandard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

1605fd

2 For more information www.linear.com/LTC1605

LY N



LTC 1605
COﬂVGﬂTGﬂ CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Notes 5, 6)

LTC1605 LTC1605A
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Resolution ] 16 16 Bits
No Missing Codes ° 15 16 Bits
Transition Noise 1.0 1.0 LSB
Integral Linearity Error (Note 7) ] +3 +2 LSB
Bipolar Zero Error Ext. Reference = 2.5V (Note 8) ] +10 +10 mV
Bipolar Zero Error Drift +2 +2 ppm/°C
Full-Scale Error Drift +7 +5 ppm/°C
Full-Scale Error Ext. Reference = 2.5V (Notes 12, 13) ° +0.50 +0.25 %
Full-Scale Error Drift Ext. Reference = 2.5V +2 *2 ppm/°C
Power Supply Sensitivity Vpp =5V 5% (Note 9) +8 +8 LSB
Vana = Voig = Vop

ﬂnﬂLOG InPUT The e denotes the specifications which apply over the full operating temperature range, otherwise
specifications are at Ty = 25°C. (Note 5)

CONDITIONS LTC1605/LTC1605A
SYMBOL | PARAMETER MIN TYP MAX UNITS
Vin Analog Input Range (Note 9) | 4.75V < Vana < 5.25V, 4.75V < Vpg < 5.25V ° +10 v
Cin Analog Input Capacitance 10 pF
Rin Analog Input Impedance 20 kQ

DYNAMIC ACCURACY (notes s, 14)

LTC1605/LTC1605A

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
S/(N +D) | Signal-to-(Noise + Distortion) Ratio 1kHz Input Signal (Note 14) 87.5 dB
10kHz Input Signal 87 dB
20kHz, —60dB Input Signal 30 dB
THD Total Harmonic Distortion 1kHz Input Signal, First 5 Harmonics -102 dB
10kHz Input Signal, First 5 Harmonics -94 dB
Peak Harmonic or Spurious Noise 1kHz Input Signal -102 dB
10kHz Input Signal -94 dB
Full-Power Bandwidth (Note 15) 275 kHz
Aperture Delay 40 ns

Aperture Jitter Sufficient to Meet AC Specs
Transient Response Full-Scale Step (Note 9) 2 us
Overvoltage Recovery (Note 16) 150 ns

1605fd
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LTC 1605

IﬂTGﬂnﬂL BGFGBEHCG CHHBHCTEBISTICS The @ denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at Ty = 25°C. (Note 5)

LTC1605/LTC1605A
PARAMETER CONDITIONS MIN TYP MAX UNITS
VRrer Output Voltage lour=0 2.470 2.500 2.520 V
VRer Output Tempco loyr=0 +5 ppm/°C
Internal Reference Source Current 1 pA
External Reference Voltage for Specified Linearity (Notes 9, 10) 2.30 2.50 2.70 V
External Reference Current Drain Ext. Reference = 2.5V (Note 9) 100 pA
CAP Output Voltage lour=0 2.50 V

DIG'THL I"PUTS ﬂnD OUTPUTS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Note 5)

LTC1605/LTC1605A

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
A High Level Input Voltage Vpp = 5.25V ) 2.4 v
Vi Low Level Input Voltage Vpp = 4.75V o 0.8 v
I Digital Input Current Vin=0Vto Vpp ® +10 HA
Cin Digital Input Capacitance 5 pF
Vou High Level Qutput Voltage Vpp = 4.75V lg=-10pA 45 v

lp=—200pA | ® 4.0 v
VoL Low Level Qutput Voltage Vpp =4.75V lg = 160pA 0.05 v

lp=16mA | ® 0.10 0.4 v
loz Hi-Z Output Leakage D15 to DO Vour = 0V to Vpp, CS High ® 10 HA
Coz Hi-Z Output Capacitance D15 to DO | TS High (Note 9) o 15 pF
IsouRcE Output Source Current Voyur = 0V -10 mA
Isink Output Sink Current Vout = Vop 10 mA

1605fd
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LTC 1605

TlmlnG CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. (Note 5)

LTC1605/LTC1605A
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fSAMPLE(MAX) Maximum Sampling Frequency ° 100 kHz
toonv Conversion Time ° 8 Hs
taca Acquisition Time ) 2 us
ty Convert Pulse Width (Note 11) ° 40 ns
ty Data Valid Delay After R/CY (Note 9) ° 8 s
ts BUSY Delay from R/C CL = 50pF ° 65 ns
ty BUSY Low 8 us
t5 BUSY Delay After End of Conversion 220 ns
tg Aperture Delay 40 ns
ty Bus Relinquish Time ® 10 35 83 ns
tg BUSY Delay After Data Valid ° 50 200 ns
tg Previous Data Valid After R/C 74 Hs
t1o R/C to TS Setup Time (Notes 9, 10) 10 ns
11 Time Between Conversions 10 us
112 Bus Access and Byte Delay (Notes 9, 10) 10 83 ns

Poweﬂ ﬁGQUlﬁemGnTS The @ denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. (Note 5)

LTC1605/LTC1605A
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vop Positive Supply Voltage (Notes 9, 10) 4.75 5.25 V
Iop Positive Supply Current o 11 16 mA
Pois Power Dissipation 55 80 mWw

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: All voltage values are with respect to ground with DGND, AGND1
and AGND2 wired together (unless otherwise noted).

Note 3: When these pin voltages are taken below ground or above Vaya
=Vpig = Vpp, they will be clamped by internal diodes. This product can
handle input currents of greater than 100mA below ground or above Vpp
without latch-up.

Note 4: When these pin voltages are taken below ground, they will be
clamped by internal diodes. This product can handle input currents of
90mA below ground without latchup. These pins are not clamped to Vpp.

Note 5: Vpp =5V, fgampLe = 100kHz, 1, = t; = 5ns unless otherwise specified.
Note 6: Linearity, offset and full-scale specifications apply for a V,y input
with respect to ground.

Note 7: Integral nonlinearity is defined as the deviation of a code from a
straight line passing through the actual end points of the transfer curve.
The deviation is measured from the center of the quantization band.

Note 8: Bipolar offset is the offset voltage measured from —0.5LSB when the
output code flickers between 0000 0000 0000 0000 and 1111 1111 1111 1111.
Note 9: Guaranteed by design, not subject to test.

Note 10: Recommended operating conditions.

Note 11: With CS low the falling R/C edge starts a conversion. If R/C
returns high at a critical point during the conversion it can create small
errors. For best results ensure that R/C returns high within 3ps after the
start of the conversion.

Note 12: As measured with fixed resistors shown in Figure 4. Adjustable to
zero with external potentiometer.

Note 13: Full-scale error is the worst-case of —FS or +FS untrimmed
deviation from ideal first and last code transitions, divided by the transition
voltage (not divided by the full-scale range) and includes the effect of
offset error.

Note 14: All specifications in dB are referred to a full-scale +10V input.
Note 15: Full-power bandwidth is defined as full-scale input frequency at which
a signal-to-(noise + distortion) degrades to 60dB or 10 bits of accuracy.

Note 16: Recovers to specified performance after (2 ¢ FS) input
overvoltage.

1605fd

LY N

For more information www.linear.com/LTC1605 5



LTC 1605
TYPICAL PERFORMANCE CHARACTERISTICS

Change in CAP Voltage

Supply Current vs Supply Voltage Supply Current vs Temperature vs Load Current
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LTC 1605

TYPICAL PERFORMANCE CHARACTERISTICS

SINAD vs Input Frequency
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PIN FUNCTIONS

Vin (Pin1): Analog Input. Connectthrough a200Q resis-
tor to the analog input. Full-scale input range is +10V.

AGND1 (Pin2): Analog Ground. Tie to analog ground plane.

REF (Pin3): 2.5V Reference Output. Bypass with 2.2pF tan-
talum capacitor. Can be driven with an external reference.

CAP (Pin 4): Reference Buffer Qutput. Bypass with 2.2pF
tantalum capacitor.

AGND2 (Pin5): Analog Ground. Tietoanalog ground plane.

D15 to D8 (Pins 6 to 13): Three-State Data Outputs. Hi-Z
state when CS is high or when R/C is low.

DGND (Pin 14): Digital Ground.

D7 to DO (Pins 15 to 22): Three-State Data Outputs. Hi-Z
state when CS is high or when R/C is low.

BYTE (Pin 23): Byte Select. With BYTE low, data will be
output with Pin 6 (D15) being the MSB and Pin 22 (D0)
being the LSB. With BYTE high the upper eight bits and
the lower eight bits will be switched. The MSB is output
on Pin 15 and bit 8 is output on Pin 22. Bit 7 is output
on Pin 6 and the LSB is output on Pin 13.

R/C (Pin 24): Read/Convert Input. With CS low, a falling
edge on R/C puts the internal sample-and-hold into the
hold state and starts a conversion. With CS low, a rising
edge on R/C enables the output data bits.

CS (Pin25): ChipSelect. Internally OR’'d with R/C. With R/C
low, a falling edge on GS will initiate a conversion. With
R/C high, afalling edge on CS will enable the output data.

BUSY (Pin 26): Output Shows Converter Status. It is low
when a conversion is in progress. Data valid on the rising
edge of BUSY. CS or R/C must be high when BUSY rises
or another conversion will start without time for signal
acquisition.

Vana (Pin 27): 5V Analog Supply. Bypass to ground with
a 0.1pF ceramic and a 10pF tantalum capacitor.

Vpig(Pin28): 5V Digital Supply. Connect directly to Pin 27.

1605fd
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LTC 1605

TEST CIRCUIT

Load Circuit for Output Float Delay

Load Circuit for Access Timing
5V 5V
1K 1K
DBN < ‘I DBN DBN o I DBN
%w —_|__ CL CL %w 50pF 50pF
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A. HI-Z TO Vg AND Vg TO Voy B. HI-Z TO Vo AND Vgy TO VoL A. Vo TOHI-Z B. VoL TO HI-Z
CsampLE
Vi ] 20k _ _ 11
IN —VW O /2 1
10k %4k — Vana
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" ZEROING SWITCHES =
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\ +
REF BUF 16-BIT CAPACITIVE DAC> COMP 1
CAP | |
@30 SUCCESSIVE APPROXIMATION 0 D15
L .
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AGND1 —— |
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DGND —— CLOCK CONTROL LOGIC
| | |
l |7 I I LTC1605 « BD
S RIC BYTE  BUSY
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LTC 1605

APPLICATIONS INFORMATION

Conversion Details

The LTC1605 uses a successive approximation algo-
rithm and an internal sample-and-hold circuit to convert
an analog signal to a 16-bit or two byte parallel output.
The ADC is complete with a precision reference and an
internal clock. The control logic provides easy interface
to microprocessors and DSPs. (Please refer to the Digital
Interface section for the data format.)

Conversion start is controlled by the CS and R/C inputs.
At the start of conversion the successive approximation
register (SAR) is reset. Once a conversion cycle has begun
it cannot be restarted.

During the conversion, the internal 16-bit capacitive DAC
output is sequenced by the SAR from the most significant
bit (MSB) to the least significant bit (LSB). Referring to
Figure 1,V yisconnectedthroughthe resistor dividertothe
sample-and-hold capacitor during the acquire phase and
the comparator offset is nulled by the autozero switches.
In this acquire phase, a minimum delay of 2us will provide
enough time for the sample-and-hold capacitor to acquire
the analog signal. During the convert phase, the autozero
switches open, putting the comparator into the compare
mode. The input switch switches CsaypLe t0 ground,
injecting the analog input charge onto the summing junc-
tion. This input charge is successively compared with the
binary-weighted charges supplied by the capacitive DAC.
Bit decisions are made by the high speed comparator. At

SAMPLE

O
S

CsampLE

Rind SAMPLE

T

COMPARATOR

E
A
R

16-BIT
LATCH

1605 « FO1

Figure 1. LTGC1605 Simplified Equivalent Circuit

the end of a conversion, the DAC output balances the Vy
input charge. The SAR contents (a 16-bit data word) that
representsthe V,yareloaded into the 16-bit output latches.

Driving the Analog Inputs

The nominal input range for the LTC1605 is +10V
or (+4 » VRep) and the input is overvoltage protected to
+25V. The inputimpedance is typically 20k<, therefore, it
should be driven with a low impedance source. Wideband
noise coupling into the input can be minimized by placing
a 1000pF capacitor at the input as shown in Figure 2. An
NPO-type capacitor gives the lowest distortion. Place the
capacitor as close to the device input pin as possible. If
an amplifier is to be used to drive the input, care should
be taken to select an amplifier with adequate accuracy,
linearity and noise for the application. The following list
is a summary of the op amps that are suitable for driving
the LTC1605. More detailed information is available at
www.linear.com.

200Q
A Vin

j__1000pF 33.2k

- CAP

1605 « F02

Figure 2. Analog Input Filtering

LT®1007: Low noise precision amplifier. 2.7mA supply
current £5V to +15V supplies. Gain bandwidth product
8MHz. DC applications.

LT1097: Low cost, low power precision amplifier. 300pA
supply current. £5V to 15V supplies. Gain bandwidth
product 0.7MHz. DC applications.

LT1227: 140MHz video current feedback amplifier. 10mA
supply current. £5V to +15V supplies. Low noise and low
distortion.

LT1360: 37MHzvoltage feedback amplifier. 3.8mAsupply
current. +5V to +15V supplies. Good AC/DC specs.

LT1363: 50MHz voltage feedback amplifier. 6.3mAsupply
current. Good AC/DC specs.

LT1364/LT1365: Dual and quad 50MHz voltage feedback
amplifiers. 6.3mA supply current per amplifier. Good AG/
DC specs.

1605fd
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LTC 1605

APPLICATIONS INFORMATION

Internal Voltage Reference

The LTG1605 has an on-chip, temperature compensated,
curvature corrected, bandgap reference, which is factory
trimmed to 2.50V. The full-scale range of the ADC is
equal to (4 » Vggr) or nominally £10V. The output of the
reference is connected to the input of a unity-gain buffer
through a4k resistor (see Figure 3). The input to the buffer
or the output of the reference is available at REF (Pin 3).
The internal reference can be overdriven with an external
reference if more accuracy is needed. The buffer output
drives the internal DAC and is available at CAP (Pin 4). The
CAP pin can be used to drive a steady DC load of less than
2mA. Driving an AC load is not recommended because it
can cause the performance of the converter to degrade.

REF__ 3 4k

(2.5V)
2.24F

BANDGAP
REFERENCE

e 1
INTERNAL
CAPACITOR
DAC
|

@
1605 « FO3

CAP__ 4
(2.5V)

T
-

Figure 3. Internal or External Reference Source

2.24F

For minimum code transition noise the REF pin and the
CAP pin should each be decoupled with a capacitor to
filter wideband noise from the reference and the buffer
(2.2yF tantalum).

Offset and Gain Adjustments

The LTC1605 offset and full-scale errors have been trimmed
at the factory with the external resistors shown in Figure 4.
This allows for external adjustment of offset and full scale in
applications where absolute accuracy isimportant. See Figure
5 for the offset and gain trim circuit. First adjust the offset
to zero by adjusting resistor R3. Apply an input voltage of
—152.6mV (-0.5LSB) and adjust R3 so the code is changing
between 1111 1111 1111 1111 and 0000 0000 0000 0000.
The gain error is trimmed by adjusting resistor R4. An input
voltage of 9.999542V (+FS—1.5LSB) is applied to Vi and R4

is adjusted until the output code is changing between 0111
11111111 1110and 0111 1111 1111 1111. Figure 6 shows
the bipolar transfer characteristic of the LTC1605.

1
10V INPUT -‘2\%& * > Vin
Q
1% _lT AGND1
- 2.24F
LTC1605
33.
1% —I_—j REF

CAP

2. 20F 5
’_H AGND2

Figure 4. 10V Input Without Trim

1605 « FO4

10V INPUT -MWV\—@ VIN

200Q 21 AGND1
1%
2, 2uF

2%
331 %3 sy REF
° 576k LTC1605

|_— CAP
2.20F
5

AGND2

1605 « FO5

Figure 5. 10V Input with Oﬁset and Gain Trim

011...111
011..110 BIPOLAR
ZERO
W 000..001 |
o
S 000...000
2
E 111111
a 11..110 |
100...001 £S = 20V
100...000 1LSB = FS/65536
N [ [,
2 wl—
-FS/2 -1V 1 FS/2 - 1LSB

LSB  LSB
INPUT VOLTAGE (V)

Figure 6. LTG1605 Bipolar Transfer Characteristics
DC Performance

One way of measuring the transition noise associated
with a high resolution ADC is to use a technique where
a DC signal is applied to the input of the ADC and the
resulting output codes are collected over a large number
of conversions. For example in Figure 7 the distribution of

1605fd
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LTC 1605

TYPICAL APPLICATIONS

outputcodeis shown fora DC input that has been digitized
10000 times. The distribution is Gaussian and the RMS
code transition is about 1LSB.

4500
4000
3500

3000 _
£ 2500
o0

8 2000

1500
1000

500

; 1 n

5-4-3-2-101 23 435
CODE

1605 « FO7

Figure 7. Histogram for 10000 Conversions

DIGITAL INTERFACE

Internal Clock

The ADC has an internal clock that is trimmed to achieve
atypical conversion time of 7ps. No external adjustments
are required and, with the typical acquisition time of 1ps,
throughput performance of 100ksps is assured.

Timing and Control

Conversion start and data read are controlled by two
digital inputs: CS and R/C. To start a conversion and put
the sample-and-hold into the hold mode bring CS and
R/C low for no less than 40ns. Once initiated it cannot be
restarted untilthe conversionis complete. Converter status
is indicated by the BUSY output and this is low while the
conversion is in progress.

There are two modes of operation. The firstmode is shown
in Figure 8. The digital input R/C is used to control the
start of conversion. CS is tied low. When R/C goes low
the sample-and-hold goes into the hold mode and a con-
version is started. BUSY goes low and stays low during
the conversion and will go back high after the conversion
has been completed and the internal output shift registers
have been updated. R/C should remain low for no less than
40ns. During the time R/C is low the digital outputs are in
a Hi-Z state. R/C should be brought back high within 3ps
after the start of the conversion to ensure that no errors
occur in the digitized result. The second mode, shown in
Figure 9, uses the CS signal to control the start of a con-
version and the reading of the digital output. In this mode
the R/C input signal should be brought low no less than
10ns before the falling edge of CS. The minimum pulse
width for CS is 40ns. When CS falls, BUSY goes low and
will stay low until the end of the conversion. BUSY will go
high after the conversion has been completed. The new
data is valid when CS is brought back low again to initiate

SV
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MODE ACQUIRE CONVERT

ts
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g i
PREVIOUS \ DATA
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17 |=—

|-— t8 — 1605 « F08

Figure 8. Conversion Timing with Outputs Enabled After Conversion (CS Tied Low)
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APPLICATIONS INFORMATION
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Figure 9. Using CS to Control Conversion and Read Timing
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Figure 11. LTC1605 Nonaveraged 4096 Point FFT Plot
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APPLICATIONS INFORMATION

a read. Again it is recommended that both R/C and CS
return high within 3ps after the start of the conversion.

Output Data

The output data can be read as a 16-bit word or it can be
read as two 8-bit bytes. The format of the output data is
two’s complement. The digital input pin BYTE is used to
control the two byte read. With the BYTE pin low the first
eight MSBs are output on the D15 to D8 pins and the
eight LSBs are output on the D7 to DO pins. When the
BYTE pin is taken high the eight LSBs replace the eight
MSBs (Figure 10).

Dynamic Performance

FFT (Fast Fourier Transform) test techniques are used to
test the ADC’s frequency response, distortion and noise
at the rated throughput. By applying a low distortion sine
wave and analyzing the digital output using an FFT algo-
rithm, the ADC’s spectral content can be examined for
frequencies outside the fundamental. Figure 11 shows a
typical LTC1605 FFT plot which yields a SINAD of 87.5dB
and THD of —102dB.

Signal-to-Noise Ratio

The Signal-to-Noise and Distortion Ratio (SINAD) is the
ratio between the RMS amplitude of the fundamental input
frequency to the RMS amplitude of all other frequency
components at the A/D output. The output is band limited
to frequencies from above DC and below half the sampling
frequency. Figure 11 shows atypical SINAD of 87.5dB with
a 100kHz sampling rate and a 1kHz input.

Total Harmonic Distortion

Total Harmonic Distortion (THD) is the ratio of the RMS
sum of all harmonics of the input signal to the fundamental
itself. The out-of-band harmonics alias into the frequency

band between DC and half the sampling frequency. THD
is expressed as:

JV22 V32 4 Va2 1 2
J Vi
where V1 is the RMS amplitude of the fundamental

frequency and V2 through V) are the amplitudes of the
second through Nth harmonics.

THD=20Lo

Board Layout, Power Supplies and Decoupling

Wire wrap boards are not recommended for high reso-
lution or high speed A/D converters. To obtain the best
performance from the LTC1605, a printed circuit board
is required. Layout for the printed circuit board should
ensure the digital and analog signal lines are separated
as much as possible. In particular, care should be taken
not to run any digital track alongside an analog signal
track or underneath the ADC. The analog input should be
screened by AGND.

Figures 12through 15 showalayoutforasuggested evalu-
ation circuit which will help obtain the best performance
fromthe 16-hit ADC. Pay particular attention to the design
of the analog and digital ground planes. The DGND pin
of the LTC1605 can be tied to the analog ground plane.
Placing the bypass capacitor as close as possible to the
power supply, the reference and reference buffer outputis
veryimportant. Lowimpedance common returns forthese
bypass capacitors are essential to low noise operation of
the ADC, and the foil width for these tracks should be as
wide as possible. Also, since any potential difference in
grounds between the signal source and ADC appears as
an error voltage in series with the input signal, attention
should be paid to reducing the ground circuit impedance
as much as possible. The digital output latches and the
onboard sampling clock have been placed on the digital
ground plane. The two ground planes are tied together at
the power supply ground connection.
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TYPICAL APPLICATIONS
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[LITTITTES

ANALOG DIGITAL ANALOG
GROUND PLANE GROUND PLANE GROUND PLANE
|

Figure 13. Bottom Side Showing Analog Ground Plane Figure 14. Component Side Showing Separate Analog and
Digital Ground Plane

1605fd

1 4 For more information www.linear.com/LTC1605 L’ LE'(':]E)Q(B




LTC 1605

sdap20”5094

aljewayag 1naiY uofjenjead pajsabng GogLaL1 “gh ainfiy

“A MAN-
~z 00 oy 1 ang
] AAA
R.A AN I|I_|I = % Yo vEX
A gy adr g[oop Yo X
— W
~ RANAY 10 A D =X
WL e 9 g v ¢ i X oFX
———W—— bOOHbL o2y pOOHY2 %2 '1ed <7008 dN3f
W ovn avn 1X304 =—AAA =
A o IE
—W— ao—xX 2 ]
W Mo4=—t7100 N9l
A|v_.ﬂv<w«_| /" 0a | $ % e a0y LN Vo105
LA - airo & M moro\/\cv:o 410[07 WX
A|V_R,.\wm| e 18 = F ¢ o 09V0HVL 950 ZHT
modl = » o 122OHVL edr ¢ 1xa n 8N =
20fo—1 20 02 van 20, T
= . 4ot I
i I RN o 1 i
ano[ oz T U—=5 I o m woA 5 A
ano| 6 W sa N\ a et % =
v L SINJ YOOHVL  OOHPL o 13
w1o| 8 fo— e LN = 0N s w1 iy Er) avn
sia|  Zio— o7 A Sa Lt le TYNHON
00| 9o o | = ND// sor(90  Asnafe - alAg
a) s Ml_ 7’0 Hfg TN\ s s LG ERVETE
al| {00 oaf> TN /I o Az
€al Elo v/GOHYL 80 o n
= vl 2b on /81 o 2 77
mam_ﬁnﬁ sal Hp bOOHYL o S R [
aro 9| ofo v mod = 4
L7 | sp—17 ' s0fo— /org |00 MO BT
sa| sfo 0/ 0T _ 210
o I 21 i wm MD —or| e zanovi— iz e c2610011
T a T | 0T 6n
oa| 9o o C S {20 avo o NV v
Hap o sp sr|® 5T Pk IN #¥p 1x3 T 7
€ld 41 o—e no  dwat—=X
cay e T A e a8 ¢ Naavan 1nanfe
%L W —
aa|  clo A we w 7 z
o I i 2 G A (PO HNYE— S 0 Safeon anf—x XHV_
3 T v " b1y 910 T n n
Gia Lo o RASEUY Py ] S AT - %L
) V250HYL 5091017 002
&_ 30 Y2l gy cn n gld
— AN A =
=~ T
—— e —W— _ ang
oo 0 yziow e e e e e e e e e e e e e e e e mmmmmmmmmmmmmmm—m————- AL 4
€ ; = : s 025048 ano
oo B vz ' |_| : 99 I_H 9ka 12Li
1 1 sn
—— i 4 aor L amo L o Lo amo L gL oL amo L o A\ i f—13
>\A|>\<<| VST v ST e T 0 O | 0 ASHOLAL
x\«_ 0wz ery . h ' 91y A
_A AN " " adp uo> M
PO LA . 21 ONISSYdAS 0’1 WLIDIA
“A }{}4}4 e e e e e e e e
ns S wzigi

1605fd

15

For more information www.linear.com/LTC1605

LY N



LTC 1605

PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.
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G Package
28-Lead Plastic SSOP (5.3mm)
(Reference LTC DWG # 05-08-1640)
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LTC 1605

PACKAGE DESCRIPTION

Please refer to hitp://www.linear.com/designtools/packaging/ for the most recent package drawings.

SW Package
28-Lead Plastic Small Outline (Wide .300 Inch)
(Reference LTC DWG # 05-08-1620)
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2. DRAWING NOT TO SCALE
3. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS.
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS
4. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .006" (0.15mm)
PART NUMBER DESCRIPTION COMMENTS
LT1019-2.5 Precision Bandgap Reference 0.05% Max, 5ppm/°C Max
LTC1274/LTC1277 | Low Power 12-Bit, 100ksps ADCs 10mW Power Dissipation, Parallel/Byte Interface
LTC1415 Single 5V, 12-Bit, 1.25Msps ADC 55mW Power Dissipation, 72dB SINAD
LTC1419 Low Power 14-Bit, 800ksps ADC True 14-Bit Linearity, 81.5dB SINAD, 150mW Dissipation
LT1460-2.5 Micropower Precision Series Reference 0.075% Max, 10ppm/°C Max, Only 130pA Supply Current
LTC1594/LTC1598 | Micropower 4-/8-Channel 12-Bit ADCs Serial /0, 3V and 5V Versions
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