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. ) AIN2+ <— | Asynchronous |=— an(;l pouts
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*Eﬁ,\o)éb{/E:E |\ N AINZ- Modulator Converter Digital Filter AGE
= 125 mW/channel (I%'liﬁE:E— I\) | DCLKRATEO/ GPIOO
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= Brick wall filter: 2.5 kSPS to 374 kSPS (Egﬁj(%iﬁ,wﬁ =162 kHz) DGND1V8 AD71 34 = 4 A FRAMO/ GPIO6
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£ ' 1.8V 18V 0 t0 Viger 8 mm x 8 mm
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8 mm x 8 mm 56 pin LFCSP package (5w RA)
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FAAIU—MBRICEBENT 1207 Ov I h 5RREAD
» T)NA R DM —%> NEBRRODIEIR S o355 T B a2 HIl Rk
= 730497028 Re—3EU TADLAFRERENTED
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TR 30— > DOfEER

4 DEH ~ Heterogenous Integration ~

Precision
Linear
Technology

High Density
Data Acquisition
gModule® Solution

Precision
Converter
Technology

iPassive

Technology
“AA-

At
5

Precision High
PGIA Speed Drive
Amp
Amp

:

Voltage LDO
Reference

Technology

Advancement

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

MTBF(Mean Time between Failure) Dt

F )RR RR =R @5 / SR E
Z

Multichannel

Technology

Advancement
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7307 - FINA1 XD iPassives}iiii
%ﬁﬁﬂud)xﬁﬁﬁuu%%iﬁjé ’ﬂf&ﬁ\]

What is iPassive ?

= ADIMHBOZEIGEOTOTAFAMI TI0EL _EFIHSERFEMIORFE(CEDFAA TS
= iPassiveiEldEBE DA FY T BRI D%/ W —SF A RCFEDIZED

= SREOIKYLES. I>7 Y 12995FE—0O> /N N2\ — TR I 2141

= 7300 - FINACXDT7 )74 TICR B Z T I DEN B

Resistor Network
Gain Stage

Why iPassive?

= ﬁm RDRD-I_(LJ:DPCB%*&OD%E%E'{t

» RSB EDOZEERGEEXDIE NN

= PFOJICICAMTIEINTLR R TOR IR FZ2— DDA FEE T D717 T

Value of iPassive? i
= BOM@‘#U)\}EE - By —

. E*ﬁ%j“/ |\7°U> h@ﬁ“)’l:ﬂk Diodes Protection
= [4gEME_LE
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7307 - FINA1 XD iPassives}iiii
SR ENE a7z X1’ 9 BE T/ IRl

Batch #1 Batch #2
R1 - = High
‘VW‘ / N Resistance
R2 I \
Vm ® W - \
R, —o\,, ]
Gain = "R, ‘[ + /
L
7/ Resisot\glnce
T14AOU—-MEBIR EFE
E—/\v¥ oy EH-H
FEXTT A ABE «— F—41 LICEBENEER B
DEEH]

B—54 LILLAPYMEERRE (ANF) HE
ShESERIER

iPASSIVES

0.005 501 5SS Cents INTEGRATED

Absolute Gain Accuracy <0.05%
Gain Drift <1ppm/C
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ADAQ4003 18-Bit, 2MSPS, Signal Chain pModule®

FEEAUY B
= %6E
= 2 MSPS
= INL: £8 ppm Max
= SNR: 97 dB at 1 kHz
= THD: -120 dB at 1 kHz

INERIA—=LTF7IH
o FARY)— MBRELNE 7 5% EEmEE HIH

ENRE

= AN PERAEIgER T2 EZ S A ADCRIA )~

= ADCRZA/\, REF/\“J?)\REJJﬁB oo
= +£11V, £55V, £2.6 VL~

R EERT

= 0.45,0.52, 0.9, 1, 1.9 5 1>%E>TEIREIHEE

« H4YI5— IYF>) +£0.005%
« 54>I5— RUTJb 1 ppm/°C typical
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ANALOG
DEVICES
AHEAD OF WHAT'S POSSIBLE™
VS+ REF REF_OUT VDD
_._—'Q O OO
0.1pF L .
SR O v >"—iT.,F‘ —_ > 4 die total
¥ < - I'l ]
IPASSIVES VCMO 4,10kﬂ?_ v » 3I1C die
$10kQ
R ﬂt'? Iu-*mFQ;-,I PVe |, 1iPassive die
R1K1- .
IN- SDI — 8 resistors
ADC SCK
IN+ () SDO H
RiK12 O3 o | » 8discrete caps
Riks O .+ 1nF 22yF
ADAQ4003 10 uF, 1 pF,
out= 0.1 pF
O——O0——0
VCMO PD AMP VS- MODE GND ADCIN+ ADCIN- > 2 dISCI‘ete
> ey resistors
ADAQ4003 '° « 33Q

ij\];ﬁ éHB!ZMSPSde/‘ s

cquisition Solutio

7mm X7 mm

18-Bit SE/Diff BGA

—-40°C to +125°C



ANALOG

ADAQ4003 PCBRh— FANR—AE#I3%N5R

7mm x7mm x 2 mm 49-ball BGA

ADAQ4003(&. EEDT4AIV—K-Oih—R> M YY1 -3 L LEERLTA
BEOYA X THDSD, 1-H—3Em A T75%Dh— R AR—2ZEHITE, >
AT LhAATINEVWFrRIVEEZEIRTELT,

ADAQ400X uMODULE
49 SQ MM

COMPONENT SOLUTION

f< 7TMM = o (U ey WA
F s e Wl - 51313 AEE CEE RIS F YY) (v — SN

7& | o, D - PCBLA 7% DR ERIF(L)
- EEREOBEAACRE
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SF)I-FI—> uModule MR T3 /MmE

AHEAD OF WHAT'S POSSIBLE™

RFRBJAMNDHIR - Total cost of ownership(TCO)

= BERAIOTHAOOREBDEDIEUSIEZRFBETERET - 5l - RISTOTAD T E AR5 &) ZHIR
v SOFINFI-C0RE (build) | #EEE (tweak) . RIEVEZ (iteration) . B&%5t (re-designing)
v EPmmEOBIRICEZYTIMF1— 2 EIRDREZRIL

=TEHEZ RIS
= BNRTAORYF I MRE
« BNEFYORIEINYFY

IA—=DLIT7IFYV1—->3>
- SiPlcEEEEET, BiFOSignal ChaindRZEASICL T,
BB ZARYE(C T DTELIRSKIER D NIV b/ M Bk

ssta T R DHI
o STFI-FI-22KROMEEZADIRGDT —5>—NTIREETS

RmOTHIBHAZE - ROIE
- BRBIFEY/ILONE

Yield LossDHIR JYNTUSND  HFIEIRND BETEOFTY
- IR THBEDNE Sk B Wi JU-_>avaak TTMOHIR MTBFORE
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Signal Chain uModuleD& 51> FvT

AHEAD OF WHAT'S POSSIBLE™

—> Y27V I AE—R(Msps)

I I N
S: >>4J)LSAR
4 2A

{ ? D: 727JLSAR

N = Q: /IRSAR

'5 18 S S A SA

% 16 S S S,D,Q Q S @ : Y25

W 14 Q AL : B
12 Q
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SEMER (1) > L

AN-257 : BRANRT > T VR TOER R
https://www.analog.com/media/jp/technical-documentation/application-notes/AN-257 jp.pdf

AN-1026 APPLICATION NOTEEERZE) ADC SiREH ADC RIANDEETHIDVLTOER
https://www.analog.com/media/ijp/technical-documentation/application-notes/AN-1026 jp.pdf

EIREBIADCRSA/\DI ZEAR A |
https://www.analog.com/jp/analog-dialogue/articles/rules-for-high-speed-differential-adc-drivers.html

SFEESAR A/DIV/N—%4 (ADC) ®IJOYMIVR 7> TERCIAIVIDEES
https://www.analog.com/jp/analog-dialogue/articles/front-end-amp-and-rc-filter-design.html

MT-002 TUTORIAL What the Nyquist Criterion Means to Your Sampled Data System Design
https://www.analog.com/media/en/training-seminars/tutorials/MT-002.pdf

EEET>IEEOFELIN
https://www.analog.com/jp/analog-dialogue/articles/deeper-look-into-difference-amplifiers.html

TNJ-035 : OP7>JEIRE(IC[(FFENTER IERENDEDE: - NEITATPLIR-TOTITEZTH
https://www.analog.com/jp/education/landing-pages/003/jp-web-lab/tnj-035.html

MT-076 Differential Driver Analysis
https://www.analog.com/media/en/training-seminars/tutorials/MT-076.pdf

Increasing the Common-Mode Rejection Ratio of Differential Amplifiers Through Precisely Matched Resistor Networks
https://www.analog.com/en/technical-articles/increasing-the-common-mode-rejection-ratio-of-differential-amp.html

MT-044 Mini Tutorial Op Amp Open-Loop Gain and OpenLoop Gain Nonlinearity
https://www.analog.com/media/en/training-seminars/tutorials/MT-044.pdf

Precision Fully Differential Op Amp Drives High Resolution ADCs at Low Power
https://www.analog.com/en/technical-articles/precision-fully-differential-op-amp-drives-high-resolution-adc-at-low-power.html
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https://www.analog.com/media/jp/technical-documentation/application-notes/AN-257_jp.pdf
https://www.analog.com/media/jp/technical-documentation/application-notes/AN-1026_jp.pdf
https://www.analog.com/jp/analog-dialogue/articles/rules-for-high-speed-differential-adc-drivers.html
https://www.analog.com/jp/analog-dialogue/articles/front-end-amp-and-rc-filter-design.html
https://www.analog.com/media/en/training-seminars/tutorials/MT-002.pdf
https://www.analog.com/jp/analog-dialogue/articles/deeper-look-into-difference-amplifiers.html
https://www.analog.com/jp/education/landing-pages/003/jp-web-lab/tnj-035.html
https://www.analog.com/media/en/training-seminars/tutorials/MT-076.pdf
https://www.analog.com/en/technical-articles/increasing-the-common-mode-rejection-ratio-of-differential-amp.html
https://www.analog.com/media/en/training-seminars/tutorials/MT-044.pdf
https://www.analog.com/en/technical-articles/precision-fully-differential-op-amp-drives-high-resolution-adc-at-low-power.html

SERIMER (2) > L

SFEECBRAURINICLZE=ET7>TD CMRR OBEIRELZDSE THA4>)—1023
https://www.analog.com/media/jp/reference-design-documentation/design-notes/jdn1023f.pdf

BAIEINCLEZT> SIEREDR AL
https://www.analog.com/media/ijp/technical-documentation/technical-articles/Japanese S38-MatchedResistors.pdf

EAEE CRAEULRTRY b —IICLD, Z8)7> TEIIEOCMRRZE®HD
https://www.analog.com/jp/technical-articles/increasing-the-common-mode-rejection-ratio-of-differential-amp.html

HH. CMRR. CMRR | HRZIFREFCMRR BD ?
https://www.analog.com/jp/analog-dialogue/rags/rag-issue-125.html

>-A ADC OMROS—(CRANZEARRIE: )I-M 1
https://www.analog.com/jp/technical-articles/behind-the-sigma-delta-adc-topology.html

BRI DSA ADCICED, T—4 - FIA4S2aBOIIF) - F1—>%=f53R1E
https://www.analog.com/jp/analog-dialogue/articles/ac-and-dc-data-acquisition-signal-chains-made-easy.html

SLWEEZRIRY 285 EEE DA ADC[Part 11EfEEDADCESDI I IV - FI— > O % ISHET 3
https://www.analog.com/jp/analog-dialogue/articles/ctsd-adcs-part-1.html

uModuleT—4- 794233 - Y1—-33V . [LEREREE 7 TV —2a (B9 3R BB DR 2B HICLET
https://www.analog.com/jp/technical-articles/umodule-data-acquisition-solution-eases-engineering-challenges.html

SIPERERAURT -9 - 794333V BIC. BFEEDI) L -FI—>DREZE #[E L
https://www.analog.com/jp/analog-dialogue/articles/improving-precision-data-acquisition-signal-chain-density-using-sip-technology.html

SIPES 1-ICERREOZHEmZEHAD
https://www.analog.com/jp/analog-dialogue/articles/use-of-integrated-passives-in-micromodule-sips.html
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https://www.analog.com/media/jp/technical-documentation/technical-articles/Japanese_S38-MatchedResistors.pdf
https://www.analog.com/jp/technical-articles/increasing-the-common-mode-rejection-ratio-of-differential-amp.html
https://www.analog.com/jp/analog-dialogue/raqs/raq-issue-125.html
https://www.analog.com/jp/technical-articles/behind-the-sigma-delta-adc-topology.html
https://www.analog.com/jp/analog-dialogue/articles/ac-and-dc-data-acquisition-signal-chains-made-easy.html
https://www.analog.com/jp/analog-dialogue/articles/ctsd-adcs-part-1.html
https://www.analog.com/jp/technical-articles/umodule-data-acquisition-solution-eases-engineering-challenges.html
https://www.analog.com/jp/analog-dialogue/articles/improving-precision-data-acquisition-signal-chain-density-using-sip-technology.html
https://www.analog.com/jp/analog-dialogue/articles/use-of-integrated-passives-in-micromodule-sips.html

Appendix 1 - SE2ZEFH7>JOOEH
I(3), (4)z2T(LIARALT
Vor — Von = A(s)(Vp — Vi) = A(s) [{(Vip(1 = B1) + Vou - B} — {Vin (1 — B2) + Vop - B2}]

Vop + A(S)Vop - B2 — Von — A(S)Von - B1= A(s)V;p(1 — B1) — A(S)Vin (1 — B2)

Vor(1 + A(s)B2) — Von (1 + A(s)B1) = A(S)Vip(1 — B1) —AS)Vin(1 — Bg) -+ -+ (5)

Vop + Von
2

PS5 Vo = ERD, INZETI(5)2EETKI L.

N(2)E| Vour com =

Vop (1 + A(s)B2) — ( )1+ A(s)Bq1) = A(S)[{le(l — B} — {VIN (1- Bz)}]
Vor(2 + A(s)B1 + A(S)B2) — 2Voem (1 + A(s)B1) = A(S) [{le(l — B} — {VIN (1- Bz)}]
A1 =B} = Vin (1 = B} + 2Voem (1 + A(s)B1)

OP = 2+ A(s)By + A(s)B;
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Appendix 1 -

(6)CBWT, BB FI(C

(2)&

59

A(s) [{le(l —B1)} — {VIN (1- Bz)}] + 2Voem (1 + A(s)B1)

A(s)p1

1
+A(S)B>

ZHNID

oF = 2+ A(s)B; + A(s)B;
V(1 Vv (1 2V, 1
1 Vip(1 = B} = {Viw (1 = B2)} + 2Vocm (m + [31)
Vop = - 000000@0@@@0- @@\ 7 ... (7)
B1 + B2 n 2
A(s)By + A(s)B;
v _Vop+ Von | . \ ) s _ -
OUT_COM — 2 b b\ VOP - ZVOCM - VON \ ﬂ(S)%%*EEtIEM%(L7E(j: VON(ij\_Caﬁﬁg_t\
V(1 Vv (1 2V, 1
1 —[Vip(1 = B} = {Vin (1 = B }] + 2Vocm (m + Bz)
Von = N & & AR (8)
B1 + B2 2

* A(s)By + A(s)B;
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Appendix 1 - TE£ZE87>JORXDEH

(7)EN(B)N'S. Vour pirr = Vop — Von ZEERIE (VocuPIEDHA(s) > 1 LIRFET D).

1 2 {{le(l — B} —{Vin (1 - Bz)}} + 2Vocm (B1 — B2)

VOUT_DIFF =Vop — Von = B, + B, : L+ 2
A(s)B1 + A(s)B;

(BT, ARy > 1, A(5)B, » 1. BUTIBMEZERNIYFIULTVS(B, = B, = B) LIRTE T 3L,
Vocy PIBNSEZEEN.

1 2{(Vip = Vin)(1 = B)}

VOUT_DIFF =Vop = Von = 28 ) 2
Yt 7 amp
1 (Vip=Vip)(A—B)
VOUT_DIFF = Vop —Von = E 1 (10)
1+
A(s)B
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Appendix 1 - TEZE87>JONDEH

R (10)/5, LQULDIFE (yfosse RR#A SREDBE

VIN DIFF
Yourpirr _Yop =Von _1 1-PF 1-P 1
Vinpirr Vie=Vin B 14 A(i)B B 14 A(Lls)B
B = RF RG ELTEEERIE.
Yourpirr _ _ Rp Rp+Rg. 1 _Rp. 1
Vinpirr  RptRg  Rg 4 %S)B Re 14 ALS)B

A(S)B > 1 LARTET B,

Your pirr _ Rp (11)

VIN_DIFF RG
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7FrOv - F7)\(EX

END
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