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FEATURES

10kRad (Si) Total lonizing Dose (TID) per
MIL-STD-883 TM1019 Condition A

Single Event Latch-Up (SEL) Threshold Linear
Energy Transfer (LET) > 30.86MeV-cm?/mg at
Tease =70°C

Processed Using MIL-PRF-38535 Class N and
PEM-INST-001 as a Guideline

TID and SEL Reports Available

1Msps Throughput Rate

+0.5ppm INL (Typ)

Guaranteed 20-Bit No Missing Codes

Low Power: 21mW at 1Msps, 21uW at 1ksps
104dB SNR (Typ) at fjy = 2kHz

-125dB THD (Typ) at fjy = 2kHz

Digital Gain Compression (DGC)

2.5V Supply

Fully Differential Input Range +Vrgr

VRer Input Range from 2.5V to 5.1V

No Pipeline Delay, No Cycle Latency

1.8V to 5V I/0 Voltages

SPI-Compatible Serial I/0 with Daisy-Chain Mode
Internal Conversion Clock

16-Lead MSOP Package

A7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
SoftSpan is a trademark of Analog Devices, Inc. All other trademarks are the property of their
respective owners. Patents Pending. Protected by U.S. Patents, including 7705765, 7961132,
8319673.

Radidation Tolerant 20-Bit,

1Msps, Low Power

Plustic Packuge SAR ADC
DESCRIPTION

The RT2378-20 is a low noise, low power, high speed
20-bit successive approximation register (SAR) ADC.
Operating froma 2.5V supply, the RT2378-20 has a +Vrgr
fully differential input range with VRgg ranging from 2.5V to
5.1V. The RT2378-20 consumes only 21mW and achieves
+2ppm INL maximum, no missing codes at 20 bits with
104dB SNR.

The RT2378-20 has a high speed SPI-compatible serial
interface that supports 1.8V, 2.5V, 3.3V and 5V logic
while also featuring a daisy-chain mode. The fast 1Msps
throughput with no cycle latency makes the RT2378-20
ideally suited for a wide variety of high speed applications.
An internal oscillator sets the conversion time, easing ex-
ternaltiming considerations. The RT2378-20 automatically
powers down between conversions, leading to reduced
power dissipation that scales with the sampling rate.

The RT2378-20featuresa unique digital gain compression
(DGC) function, which eliminates the driver amplifier’s
negative supply while preserving the full resolution of the
ADC. When enabled, the ADC performs a digital scaling
function that maps zero-scale code from 0V to 0.1 ¢ VRer
and full-scale code from VRgr to 0.9 ® VRer. For a typical
reference voltage of 5V, the full-scale input range is now
0.5V to 4.5V, which provides adequate headroom for
powering the driving amplifier from a single 5.5V supply.
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ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)

Supply Voltage (Vpp) ..eeeeeeeeeerereererereeeereeeerenenns 2.8V
Supply Voltage (OVpp) ...ceeeeererererererercreeercreeerevenenee 6V
Reference Input (REF).......ccoovoveeci, 6V
Analog Input Voltage (Note 3)

IN*, INT (GND -0.3V) to (REF + 0.3V)
REF/DGC Input (Note 3).... (GND -0.3V) to (REF + 0.3V)

(NOEE 3) oo (GND =0.3V) to (OVpp + 0.3V)

Digital Output Voltage

(Note 3.

RT2378.....ooiieeccces

... (GND -0.3V) to (OVpp + 0.3V)
Operating Temperature Range

Storage Temperature Range ..................

-40°C to 85°C

-65°C to 150°C

PIN CONFIGURATION

TOP VIEW

CHAIN 1 116 GND
Vpp 20 115 OVpp
GND 3] 114 SDO
IN* 4 [113 SCK
IN" 5 112 RDL/SDI
GND 6 111 BUSY
REF 7 110 GND

REF/DGC 8 19 CNV

MS PACKAGE
16-LEAD PLASTIC MSOP

Tymax = 150°C, 84 = 98°C/W

ORDER INFORMATION

LEAD FINISH TAPE AND REEL PART MARKING

PACKAGE DESCRIPTION

TEMPERATURE RANGE

RT2378IMS-20 RT2378IMS-20#TR 237820

16-Lead Plastic MSOP

-40°C to 85°C

Consult LTG Marketing for parts specified with wider operating temperature ranges.

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/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.

ELGCT“'CHL CHHRHCTGI“STKS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS SUB GROUP | MIN TYP MAX UNITS
Vin+ Absolute Input Range (IN*) (Note 5) ) 1,2,3 0.1 VRer + 0.1 \
Vin- Absolute Input Range (IN7) (Note 5) ° 1,2,3 -0.1 VRer + 0.1 \
Vint = Vin— | Input Differential Voltage Range Vin=Vin+t = ViN- ® 1,2,3 —VRer +VRer v
Veu Common-Mode Input Range ® 1,2,3 VR5F1/2— VRer/2 VR5F1/2+ \
I Analog Input Leakage Current 0.01 HA
Cin Analog Input Capacitance Sample Mode 45 pF

Hold Mode 5 pF
CMRR Input Common Mode Rejection Ratio fin = 500kHz 86 dB

rt237820fa
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COﬂVGﬂTGﬂ CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL | PARAMETER CONDITIONS SUB GROUP MIN TYP MAX UNITS
Resolution o 20 Bits

No Missing Codes ) 20 Bits

Transition Noise 2.3 PPMRMS

INL Integral Linearity Error (Note 6) o 1,2,3 -2 0.5 2 ppm
REF/DGC = GND (Note 6) | ® 1,2,3 -2 +0.5 2 ppm

DNL Differential Linearity Error (Note 10) ) 1,2, -0.5 £0.2 0.5 ppm
BZE Bipolar Zero-Scale Error (Note 7) ] 1,2, -13 0 13 ppm
Bipolar Zero-Scale Error Drift */ ppb/°C

FSE Bipolar Full-Scale Error (Note 7) ® 1,2,3 -100 +10 100 ppm
Bipolar Full-Scale Error Drift +0.05 ppm/°C

D'mﬂmIC HCCURHCV The e denotes the specifications which apply over the full operating temperature range,

otherwise specifications are at T = 25°C and Ajy = -1dBFS. (Notes 4, 8)

SYMBOL | PARAMETER CONDITIONS SUB GROUP | MIN TYP  MAX UNITS
SINAD | Signal-to-(Noise + Distortion) Ratio fiy = 2kHz, VRgr = 5V o 4,5,6 101 104 dB
SNR Signal-to-Noise Ratio fin = 2kHz, VRer = 5V - ° 4,5,6 101 104 aB
fin = 2kHz, VReg = 5V, REF/DGC=GND | @ 4,5,6 99 102 dB

fin = 2kHz, VRer = 2.5V ° 4,56 95.4 98 aB

THD Total Harmonic Distortion fin = 2kHz, VRegp = 5V L () 4,5,6 -125 114 dB
fin = 2kHz, VRer = 5V, REF/DGC=GND | ® 4,5,6 -125 114 dB

fin = 2kHz, VRgr = 2.5V o 4,56 -123 113 dB

SFDR Spurious Free Dynamic Range fin = 2kHz, VRer = 5V o 4,5,6 115 128 aB
-3dB Input Bandwidth 34 MHz

Aperture Delay 500 ps

Aperture Jitter 4 ps

Transient Response Full-Scale Step 312 ns

RGFERGHCE "“’UT The e denotes the specifications which apply over the full operating temperature range, otherwise
specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS SUB GROUP | MIN TYP MAX UNITS
VREF Reference Voltage (Note 5) [ 1,2,3 2.5 5.1 v
IRer Reference Input Current (Note 9) ° 1,2,3 0.94 1.1 mA
Vinbae High Level Input Voltage REF/DGC Pin ° 1,2,3 0.8VRer V
ViLoae Low Level Input Voltage REF/DGC Pin ) 1,2,3 0.2VRer V

rt237820fa
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DlGlTﬂL "“’UTS ﬂﬂD DlGlTﬂL OUTPUTS The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at T, = 25°C. (Note 4)

SYMBOL | PARAMETER CONDITIONS SUB GROUP MIN TYP MAX UNITS
m High Level Input Voltage ° 1,2,3 0.8+ 0Vpp v
ViL Low Level Input Voltage ) 1,2,3 0.2+ 0Vpp v
In Digital Input Current Vin =0V to OVpp ® 1,2,3 -10 10 HA
Cin Digital Input Capacitance 5 pF
Vo High Level Output Voltage lg =-500pA ) 1,2,3 O0Vpp-0.2 v
VoL Low Level Output Voltage lo = 500pA ° 1,2,3 0.2

loz Hi-Z Output Leakage Current Vout = 0V to OVpp ® 1,2,3 -10 10 HA
Isource | Output Source Current Voyr =0V -10 mA
Isink Output Sink Current Vout = 0Vpp 10 mA

POI.UEB BEQUIﬁemEHTS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS SUB GROUP MIN TYP MAX UNITS
Voo Supply Voltage ) 1,2,3 2.375 2.5 2.625 vV
O0Vpp Supply Voltage o 1,2,3 1.71 5.25 v
lvpp Supply Current 1Msps Sample Rate ® 1,2,3 8.4 10 mA
lovop Supply Current 1Msps Sample Rate (Cy = 20pF) 0.2 mA
Ipp Power Down Mode Conversion Done (lypp + lovop + Irep) | @ 1,2,3 1 90 HA
Pp Power Dissipation 1Msps Sample Rate 1 21 25 mW

Power Down Mode Conversion Done (lypp + lovpp + IREF) 1 2.5 225 W

HDC TlmlnG CHHRHCTGBBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL | PARAMETER CONDITIONS SUB GROUP | MIN TYP MAX UNITS
fsmpL Maximum Sampling Frequency ) 9,10, 11 1 Msps
tcony Conversion Time ® 9,10, 11 615 675 ns
taca Acquisition Time taca = tove — tconv — tBUSYLH ® 312 ns
(Note 10)
tove Time Between Conversions o 9,10, 11 1 Us
tonvH CNV High Time ° 9,10, 11 20 ns
tBuSYLH CNVT to BUSY Delay Gy = 20pF [ 9,10, 11 13 ns
tonvL Minimum Low Time for CNV (Note 11) ® 9,10, 11 20 ns
tauier SCK Quiet Time from CNVT (Note 10) ° 20 ns
tsck SCK Period (Notes 11, 12) o 9,10, 11 10 ns
tsckH SCK High Time ) 9,10, 11 4 ns
tsckL SCK Low Time o 9,10, 11 4 ns
tsspisck SDI Setup Time From SCKT (Note 11) ) 9,10, 11 4 ns
tHsDIScK SDI Hold Time From SCKT (Note 11) ° 9,10, 11 1 ns
tsckeH SCK Period in Chain Mode E?VCﬁCHﬁ)tSSDlSCK +1pspo ® 9,10, 11 13.5 ns
ote

rt237820fa
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HDC TlmlnG CH ﬂﬂﬁCTEﬁISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS SUB GROUP MIN TYP MAX UNITS
tpspo SDO Data Valid Delay from SCKT Cp = 20pF, OVpp = 5.25V o 9,10, 11 7.5 ns

Cp = 20pF, OVpp = 2.5V ° 9,10, 11 8 ns

Cp = 20pF, OVpp = 1.71V [ 9,10, 11 9.5 ns
tHspo SDO Data Remains Valid Delay from | G, = 20pF (Note 10) ° 1 ns

SCKT

tpsposusyL | SDO Data Valid Delay from BUSY{ Cp = 20pF (Note 10) ) 5 ns
ten Bus Enable Time After RDL{ (Note 11) [ 9,10, 11 16 ns
tpis Bus Relinquish Time After RDLT (Note 11) ® 9,10, 11 13 ns

COﬂVGﬂTGﬂ CHHBHCTGBISTICS (Post-Irradiation) The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at T, = 25°C. (Note 4)

10kRAD(SI)
SYMBOL | PARAMETER CONDITIONS MIN TYP TYP UNITS
INL Integral Linearity Error (Note 6) -3.5 3.5 ppm
REF/DGC = GND (Note 6) -3.5 3.5 ppm
51 5V
OVpp @ l 9
2 R3 SDO
<
52 Tk ; CHAIN GND 1? Q)&
Vbp @ Vbp OVpp
3 14
T ! KB RS Tk gox
IN* SCK M {O) SCK=GND
G2 5 192 R6, 1k
——0.1yF - IN RDL/SDI =2 N =
50V —{6no BUSY [——
5] REF GND R7, 1k Ja
+— | rer/iae onv P N o CNV = GND
c C4
c3 L C5 C6
—L_104F = ——4nF Rd T —20pF ——20pF =
IE NN o
J2 1206 0805
a0 ©)

\d @ @ @ "
! RT237820 TDBCO1

ELECTRICAL TEST REQUIREMENTS

MIL-STD-883 TEST REQUIREMENTS SUBGROUP ::AJ;:"NMGS e s bocad o e o Grous A

- - ; " g is specified as 5% based on failures from Group A,
Final Flactrical Test Requirements (Method 5004) 1.72,3,4,56,9,10, 11 Subgroup 1, tests after cooldown as the final electrical test in
Group A Test Requirements (Method 5005) 1,2,3,4,5,6,9,10, 11 accordance with method 5004 of MIL-STD-883. The verified

G B and D for Class S 123 failures of Group A, Subgroup 1, after burn-in divided by the total
Er?j”}f. ?TEI tprlpass 't Method 5005 1o number of devices submitted for burn-in in that lot shall be used
nd roin .ec fical Parameters (Metho ) to determine the percent for the lot.

PDA applies to subgroup 1. See PDA Test Notes. Linear Technology Corporation reserves the right to test to tighter

limits than those given.
rt237820fa
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ELECTRICAL CHARACTERISTICS: BURN-IN DELTA PARAMETERS

Tp =25°C (Note 4)

SYMBOL | PARAMETER CONDITION MIN TYP TYP UNITS
tcony Conversion Time | ~10 10 ns
BURN-IN CIRCUIT
. 5V
OVpp ‘C; l 2
%R(g SDO
2 1 ; CHAIN GND 1? O
voo (O) 3 Vop OVpp ”
GND DO RS, 1k 33
7 13 15, SCK |
IN SCK VW (O) SCK=1MHz50% DUTY CYCLE
2 s | 1 R, 1k 0V TO 5V CLOCK
B IN RDL/SDI =
—_ 6 11
50V — 6 BUSY [——
REF 5
[ s - GND T R7. 1k CNV .
. REF/DGC oY CNV = 50kHz 50% DUTY CYGLE
0V TO 5V CLOCK
o 3 ca | c5 c6
—L_10pF ——F ——=4nF R4 " 20pF T 20pF =
50V 50V 1ov Tk 50V 50V
2 1206 0805
GND @ . C y RT237820 BCO1

v

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 effect device
reliability and lifetime.

Note 2: All voltage values are with respect to ground.

Note 3: When these pin voltages are taken below ground or above REF or
OVpp, they will be clamped by internal diodes. This product can handle
input currents up to 100mA below ground or above REF or OVpp without
latch-up.

Note 4: Vpp = 2.5V, OVpp = 2.5V, REF = 5V, Vg = 2.5V, fgmpL = TMHz,
REF/DGC = Vggr.

Note 5: Recommended operating conditions.

Note 6: Integral nonlinearity is defined as the deviation of a code from a
straight line passing through the actual endpoints of the transfer curve.
The deviation is measured from the center of the quantization band.

0.8*0Vpp

0.2*0Vpp

Note 7: Bipolar zero-scale error is the offset voltage measured from
-0.5LSB when the output code flickers between 0000 0000 0000 0000 0000
and 1111 1111 1111 1111 1111. Full-scale bipolar error is the worst-case
of —FS or +FS untrimmed deviation from ideal first and last code transitions
and includes the effect of offset error.

Note 8: All specifications in dB are referred to a full-scale 5V input with a
9V reference voltage.

Note 9: fgpL = 1MHz, Iggr varies proportionately with sample rate.

Note 10: Guaranteed by design, not subject to test.

Note 11: Parameter tested and guaranteed at OVpp = 1.71V, OVpp = 2.5V
and OVpp = 5.25V.

Note 12: tgck of 10ns maximum allows a shift clock frequency up to
100MHz for rising capture.

Note 13: Pre and post radiation limits are identical to those listed in
specification tables, except as listed in the Converter Characteristics Post
Radiation table. When performing post irradiation electrical measurements
for any RHA level, Ty = 25°C.

RT237820 FO1

Figure 1. Voltage Levels for Timing Specifications

rt237820fa
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TYPICAL PERFORMANCE CHARACTERISTICS 1, -25°c, vpy = 2.5V, 0Vpp = 2.5V, Vgy = 2.5V,

REF =5V, fgypL = 1Msps, unless otherwise noted.

Integral Nonlinearity
vs Output Code

INL ERROR (ppm)
o

0
0 262144 524288

OUTPUT CODE

786432

RT237820 GO1

128k Point FFT fgypL = 1Msps,
fin = 2kHz

1048576

SNR = 104dB
THD =-128dB
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°¢, vpp = 2.5V, 0Vpp = 2.5V, Vigyy = 2.5V,

REF =5V, fgypL = 1Msps, unless otherwise noted.
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REVISION HISTORY

REV

DATE

DESCRIPTION

PAGE NUMBER

11/16

Updated subgroup under Power Requirements

4

rt237820fa

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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PACKAGE DESCRIPTION

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

MS Package
16-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1669 Rev A)

0.889+0.127
(035 + 005)
(525?) 3.20-3.45
MIN (.1261.136)
DDDDD |:| 4,039 £0.102
0305 £0.038. \ F 0.50 (159 £.004)
( 012%30015 (-318%7) (NOTE3) | _ 0.28040.076
1615141312110 | 9| (.011:£.003)
RECOMMENDED SOLDER PAD LAYOUT HHHHHHH REF
0 gs4 _ DETAL'A” 4.90£0.152 30040102
e 1 (118 £.004)
(.010) (193 .006)
¢ 0°-6° TYP o (NOTE 4)
GAUGE PLANE — 7§7 v HHHHHHHH
ﬁ ? 0.53 +0.152 —
‘H 299 20, 192 12345678
(.021 £.006) 110 0.86
. (.043) (.034)
DETAIL “A MAX REF
0.18
(:007) [
LJ i\ SEATING f vy
A PLANE o47-027 || 4 0.1016:+0.0508
(007-011) " (004 £.002)
NOTE: TYp ( 0'197) -~ MSOP (MS16) 0213 REV A

1. DIMENSIONS IN MILLIMETER/(INCH)
2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.

MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE

4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX

ANALOG
DEVICES
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