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Luis Chioye
A1 (THS4551 A7) ADC A7) (THS4551 Hi77) T UV ADS7042
VinP = +0.23V, VinN =+3.866V, | VoutP = +0.23V, VoutN = 3.866V, 8E60, -29088,,
VinMin(Dif) = -3.636V Vout(Dif) = -3.636V
VinP = +3.866V, VinN =0.23V, VoutP = 3.866V, VoutN = +0.23V, 71A0,, +29088,,
VinMax(Dif) = +3.636V Vout(Dif) = +3.636V
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EHDFZER) 4 x 2 MUX, 77 a2 7n kxR, [AlFY712" ADC [A]# JAJAB41A—October 2018—Revised November 2018

SBAA315 FllaRil — BT OSCRERE E hitp://www-s.ti.com/sc/techlit/ SBAA315
Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/SBAA315.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp

AR
A% Hi% FEAER Ral—alfER
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"N 7 EACHREZ ZBILE T, REt2 AT 3254513, BIORCTZANAERETILERHIET,
THS4551 |Z, ADC DAYV TV 7 b= VF T LI OBMHENIL DB DX 3y J BB 522 E
{EF 2D+ 537t g 20 2. TV, [RFHL~L% SAR ADC OFEJEFIPHICS 7 TEH70, mik - @k
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1. Find ADC full-scale input range. In this circuit, ADS9224 internal V_REF= 2.5V

ADC, scaierange = (£1.6384V V) -V = +4.096V from ADS9224R datasheet
2. Find required ADC common-mode voltage 2.
+ADC
Vo = F“”Z‘SCa'e Range — 12.048V from ADS9224R datasheet
Use REFby2 Output pin of ADS9224R to connect to FDA (THS4551) VCOM = 2.048V
3. Find FDA absolute output voltage range for linear operation:
0.23V <V, < 4.77V from THS4551 output low/high specification for linear operation

4. Find FDA differential output voltage range for linear operation. The general output voltage
equations for this circuit:

V.o
— _outDifMin
VoutMin - + ch

V.-
— _outDifMax
VoutMax - + ch

Rearrange the equations and solve for V_, .qma8nd V, o FIND maximum differential output
voltage range based on worst case:

Voupintax = 2 Vountax = 2 Ve = 2-(4.096V ) - 2-(2.048V ) = 4.096V
VoutDifMin = 2 ’VoutMin - 2 'ch = 2 ’ (023\/) - 2 ’ (2048\/) = _3636\/

Based on combined worst case, chooseV, .= -3.636V and V_ .= +3.636V
5. Set FDA gainto 1 VIV
. R, 1.00kQ
Gaingy, = == =1V
AR, 1.00kQ N

6. Select the minimum charge kickback capacitor filter to optimize circuit for fastest settling.
C,, =16pF internal sample-and-hold capacitor from ADS9224R datasheet
Select a capacitor 10x larger than C,, = 150pF
7. Optimize RC charge kickback filter resistors R;,,,R;,, and feedback capacitors C,,,C,, for both

settling and stability using TINA simulations. This is covered in the transient settling optimization
and stability simulation sections.
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Voltage Close to
Positive Full-Scale

cit 3p Rfil R
i on  Sw-S1A
INN_CHL Rg 1k 1—| l_l 49.9 SIA 40\
A A AA ANA—
Rf1 1k _L
g Risol Cs

wIEE R T O EAL

TINA S Xab—Tar a2l LT, ZEM S EEEBIE RN 72 EBLT 58912 RC Fv 7 /377 (V2% it
fELFET, LI —aTliE, <~V F 7L 7% (TMUX1109) O 2 SORET vy V2 HLET, ~ /LT
TVIPIZEDAF vy <= AR OU — AN — AN 7% 12— 572012, 2 DOBFET v
NEFNEFNIEDTINAT— )VEED T INAT— )T WVERICRELET, v L TF L7 DRV A R EEE
Yz, ~ v F LY i Ralb—ar B CET MELE T, SAR ADC O T )VR— VR a7
X, TI7AY v a Wi HIZ SAR ADC D4 REETH S 16 B hANIZ BN 7T A0 ERHVET, 203~
L—3a Bl OIS EE A DL ISR L ET,

opF
cdiff L I P
82p T —
: yar
1200
Rfil2 . o DA

+ Ron  sw.s2A F
>— MW - Wk + '\‘}8/'\? o '\/\40/\,—o\ l - Csl
INP_CH1 Rg 1k T—| |—T _L e 3gdF I p 16 pF
cf23p 9pF I s =
I a Cs2
6 pF
DB AINM
Rfill Ron  SW-S1B . "—’\/V\'—‘|
INN_CH1 Rg 1k 49Ig S1B  4Q \ l —L Rs2
>— A A _L ANA— o e 1200
_ Cs IsspF
_ I 9pF L —
Voltage Close to ‘;‘2222 = ADS9224R
Negative Full-Scale Simplified SAR ADC
+ Rfil2 Ron SW-S2B Model
40
AN ANA AR S28 AAA—
INP_CH2 Rg 1k T—| |—T —LCS
cl2 3p IgpF TMUX1109
Simplified Mux Model
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< VF L& ADC OHIfEZ AT

Tz, ADC OZEHHIE (CONVST) b~ FTLIHDOF v VIO XA 7 %R L E T, ADS9224R 134k
w7 L —h BMSPS (/A 2V IR 333ns) Y AR —RL TV ET, CONVST [E 5030 h Esy
TP DRNCTF ¥ RV NI DD %S 1ET 5728, CONVST DArh BTy %D MUX OF v Ll 4
AT TR IEETEALE T, ZOHOFELWERERIZ- W CiE, Tl Design [16-Bit, 400-kSPS, Four-
Channel MUX Data Acquisition System for High-Voltage Inputs Reference Design(#7%) &L C72E
Uy,

toyee > 33305 (3-MSPS)

g

|

| |

A |
CONVST |
|

taetay > 10nNs (to avoid overlap)

Channel N >< Channel N+1 >
Conversion Acquisition Channel Conversion Channel
ChannelN -1 N | N
|

|
Settling Time for Settling Time for
Channel N Channel N +1

|
| |
| Available settling time for channel #N |
| 333ns - 10ns = ~323ns :
|

| |

MUX
CONTROL

Acquisition
ADC STATE ChannelN -1

Settling Time for
FDA SETTLING “ranmelN _1>

ChannelN -1

PN

MR T DRER

PUFD TINA BEL 2L —a L, BiE MUX F¥ VRO 7 VA — )b« 27 7 8tk O FDA, ~/VF 7L
7%, SAR ADC H> 7 A= N ROEN 7% RLTONET, 20857 ol —aix, 7 R—uR-
X 7RI EAFE 72 7 RIS N IE ISR E SN CWNAZ LA RLE T, Ik /KHEDO BRI 7L AC MRERE
Bl9% RC 74 /VZDEARFIEIZOWTIE, [introduction to SAR ADC Front-End Component Selection J(#
i) SRR TLIZE,
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1.00 — —
S1_MUX Chi
Selected
0.00 —
1.00 —
S2_MUX ﬂ  ch2

0.00 Selected

125u U U
VError_chl O%

-125u Settling Error Chl Settling Error Ch2
2.6pV <% LSB 20pV <% LSB

125u

VError_ch2 03 n
-125u

1.00 I I
Vacquisition j ADC

0.00 bt ACQUISItION

Period

1.00
Vconversion a 1\ g

0.00 o pd ‘ . ADC —

‘ ‘ Conversion
0.00 835n Period 1.67u
Time (s)
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AC =R
ZOREIBEDT A1 0dB (LVIV), JEEEEIE DS 2L — afE Bid 16.45MHz T3, HiIEO Z1 5 B
IRl —alfERNEE L TOAIEIZERLET GHE/R R = 17.62MHz, > Iab—Tal iR =
16.45MHz), HIEOFHB LT 2l —a O EIZ SV TiE, [Op Amp Bandwidth J(355E) 22 MR L T<
TZEVY,
VAT DOFAERII T AN A IR ESIVET,

P 1 B 1

° 27(Ry; +Ry)Car  27(30.1Q +30.1Q)(150pF )

=17.62MHz

0.0 R ?
| Gain=0dB | Bandwidth |
~ [ Gain=1VIV {5 | f = 16.45MHz |
E S S Lol : IZIZI":
cC . _|
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O
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BRES 2L —ar Dy 57

PLTFoEIEA TINA TEHEHL. TINA @ AC f#TZ AW TL—7 A DRIE L~ — 2 ORREEEI TV E
9, IR/ — 7 NICHEHT RISO = 10Q 2 L T, (A~ — 0 2oL £77, ZORIKBITZEMEICEN QO E
T (49 45° DAL~ —0), ZOMEOELWERIZ OV TIL, [Op Amp Stability J(558) 22 HRL TEE,

Cfl 3p
Vin- I I
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< > Rfil1 30.1
— Ul THS4551
VCVS1 500m = C1 1MEG b MWV
+ + I I Ccm1 15p
>< / g Risol 10
>
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VG — | 1 Risol 10 Cdiff 150p—— 1
X C2 IMEG
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1 F (Il 1 _|_ Ccm2 15p
1 9 o Rfil2 30.1
vevszs00m @ é s W
Rg2 1k 3
= AN AN
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|
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I I } o 0
1 1 o @ R2 1G =
Vin+
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100 A
o 80 1
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=
@ .
3 40
20 A
0
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90 - Phase :
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o ]
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Q.
©
< -90
% 135 e
-180 e R
10 100 1k 10k 100k M 10M 100M
Frequency (Hz)
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JAR 2l —Tay
Simplified noise calculation estimate:
The dominant pole in this data acquisition circuit is in the RC kickback filter:
- 1 3 1
¢ 27(Ry, + Ry,)Cui 27:(30.]9 + 30.1Q)(150pF)

=17.62MHz

Noise of THS4551 FDA referred to ADC input
Noise Gain: NG =1+R, /R, = 1+@ =2VN
g kQ
2 . 2
€roron = \(Buron -NG)* +2(ineon ‘R, )* +2(4KTR, -NG)

€ = \/(3.4nv 1Az -2.00v /v)2 +2(0.5pA/Hz ~JJ<Q)2 +2(16.56-10°.2.00v /V))
€,0r0n = 10.629nV / \/Hz
E,on =€.oon - K, -F = (10.629nv /\/Hz)\/1.57-17.62MHz = 55.90,Mrms

TIXIZ, FDA BB O /A XD TINA 22l —Ya B Rl a2 /L ET, ZOHOFELWEERIZOW TR,
[Calculating the Total Noise for ADC SystemsJ(#75) #Z ML TLESW, /A RDFEFEREI2aL—Tay
FERNBIFFE B QDI EICEBLET GHER R = 55.9UV 6. 32l —TalfE R = 51.5uV ).

51.55u-
S . Total Noise
Py 51.5pVrms
k%
@]
c 25.78u-
i
(@]
|_
0,0G 1} IIHHW T IHIHW T IIHHW T IIHHW T IIHHW T IIHHW T IIHHW

100 1k 10k 100k 1M 10M 100M 1G
Frequency (Hz)
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FINAR FlefR YN R DBEF FTRET /S A R
ADS9224R fERE 16 Bk, SPI, 7L -L—b 3MSPS, 584 7@ A ), 2.5V Y | http://www.ti.com/product/ADS9224R | http://www.ti.com/adcs

TV AR, T aT v AR TS AR AT

THS4551 150MHz, A JBE /(X 3.3nVINHzZ, 522877 http://www.ti.com/product/ THS4551 http://www.ti.com/opamps
FEtOSRER
TIOREWIREIETA T TN, [TFas 2 =T At Al 2 2 7 2 1 B L TLIEEN,
FERT7AN~DY T

K B /12 HHAE A TINA 77 AL - http://www.ti.com/lit/zip/SBAC219

&

I‘:l||l

R

HETHE

A AT EH

2018 4 11 A BANL DY AR F /NS,
LR 7 D b £ 7 ar DRz F i,
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