Op Amp Drive for SAR Converter:

Four Steps Design

{ij TEXAS
INSTRUMENTS




R .

SAR ADC’s Block Diagram
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Ran CisampLe)
5012 48pF
ANALOG IN M o—
GND — SAR ADC

Sample & Hold Amplifier
Diode Turn-On Voltage: 0.35V
Equivalent Analog Input Circuit

S1 S2
Vin Rs
o ' —ANN—e——e -
.
- Cs|-| __—_ VSHO
From the Data Sheet for ADS8326: | 1
- Sampling capacitor is 48pF —
- Sampling switch resistance is 50 Q2
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Sample and Conversion
Process

ELECTRICAL CHARACTERISTICS: Vpp = +5V
At —40°C to +8500, VREF = +5V, —IN = GND, fSAMPLE = 250kHZ, and fDCLOCK =24 x fSAMPLEv unless otherwise noted.
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ADS8326l ADS8326IB
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT

SAMPLING DYNAMICS

8%“5‘3%&2’;)9 teony | 24kHZ < fooLock < BMHZ 2 667 666.7 2 667 666.7|  us

SN
Acquisition time
(42 DCLOCKS) \ tAQ focLock = 6MHz 0.75 0.75 us
Through\ut rate N
(22 DCL&KS) \ 250 250 kSPS

Clock frequdpcy focLook TN 0.024 6 0.024 6 MHz
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~»(% sample and Conversion Timing
TIMING INFORMATION

— Lo -
CS/SHDN

- Sample -‘ Conversion .-| Power Down —|
e |+tsucs
—| |-t

| csb Use positive clock edge for data transfer

Hi-Z (1 Hi-Z
Dour 0 |B15|B14|B13|B12|B11]|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 |BO |

(MSB) (LSB)
D S

NOTE: (1) A mjplimum of 22 clock cycles are require

16-bit conversion; 24 clock cycles are shown.

Table 1. Timing Characteristics

SYMBOL DESCRIPW MIN TYP MAX UNIT
L4 .
tsmpL AMLH sample time 4.5 50| DCLOCKs
teony <] Conversion time 16 DCLOCKs
toye Complete cycle time 22 DCLOCKs
i3 Texas

INSTRUMENTS




Voltage Ripple on The Input of
ADC

Tek EH 10.0MS/s N 8 Acqgs

Sampling
Signal

Analog Input
Signal

M5.00us Ch4 \ 1.2V
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Voltage Across Sampling

Capacitor
A
VIN l
Vesn — 1/2 LSB
/ / f
VIN I:{81
3>$' VCSH(t)
t=0 _ Ce, v
— _? >

ty taq Time

Vs (1) =Vegy (00) +Viy = Vg (81X (1= e_;)

T=R,XCg
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Settling Time as a Function of
Time Constant

Viv =Vesu (t40) < +LSB

Vesultag) is voltage across the Cgy, at the end of the sampling period
taq Is acquisition time, the time from the beginning of the sampling period (t,)
to the end of the sampling period

! sp = TSR

(LSB = Least Significant Bit, FSR is the full-scale range of the N-Bit converter)

Ly 2k XT

k, = (N +1)xIn(2)
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Time-Constant-Multiplier (k)
for SAR ADC

q
ADC time-constant-multiplie
Resolution  1/2 LSB accuracy, 1/2"*

8
10
12
14
16
18
20

*note — using worst case values: V = full-scale voltage or 2N, V¢, , = 0V
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=@ SAR ADC With Input RC Filter

SAR ADC

Vesh
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Modified Open-Loop
Voltage Gain

l\
Y N
foyr G "N
PX> MPX .\
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Mi \\\ f G
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X ™ . -20dB/Dec
‘ W\\ y
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Frequency of added pole

Frequency of added zero

Gain of added pole

Gain of added zero

Added Pole and Zero

o 1

" 27 (R,+R,)-C,
1

fZX_Zﬂ-RF-CF

Gy =—2()-10g{fpx}

U

G, =G,y —40-10g{fzx }

PX
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Final Circuit

SAR ADC
/ Vst
S1 S2
RF VIN RS1
* & —ANN\—e——o -
m—— \ — ¢, f Vsio
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Minimum Acquisition Time
and Op Amp’s GBW

Calculate time-constant multiplier k=(N+1)-In(2)
tAQ
Determine minimum time-constant T< &
|
Calculate frequency of added zero I =
27T

Find Unity Gain Bandwidth GBW =4-f,,
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i Minimum Acquisition Time for
Different Op Amps

12 Bit 16 Bit
GBW f, T taa taa

(MHz) (MH2) (ns) (ns) (ns)

L\ .y E 3 Medium Speed, Precision INA 5,672 8,881

\I.y P23 High Precision, 120dB CMRR 1.3 0.33 490 2,400 3,757

INA331 High Bandwidth, Single Supply 5.0 1.25 127 624 977
(o] &7/ Il CMOS, 0.0007% THD+N 5.5 1.38 116 567 888
o] % 'x I 1.8V, High CMRR, SHDN 7.0 1.75 91 446 698
(o] v} K Dual VFB, Low Noise 12.5 3.13 51 250 391
0] ). .77l Ultra-Low THD+N, Wide BW 16.0 4.00 40 195 305
(o] 27.%1:3 I Precision High-Speed Amp 18.0 4.50 35 173 271
(0] ). V74l CMOS, e-trim™, Low Noise 20.0 5.00 32 156 244
(0] 2).V1: 30 Precision, Low Noise, G2 5 33.0 8.25 19 95 148
o] 7.2 .1 I Precision ADC Driver 38.0 9.50 17 82 129
(o] 27.\"x -l High-Speed, Zero-Crossover 50.0 12.50 13 62 98
(o] 2).v2:1: I Dual, Low Power, VFB 75.0 18.75 8 42 65
(o] ).v4 kI 36V, Bipolar Precision 80.0 20.00 8 39 61
1152725 Very Low Power RRIO 80.0 20.00 8 39 61
o] ). 1.1: 3 CMOS, 3V Operation, SC70 80.0 20.00 8 39 61
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Not Good Design Guideline

R <
-20dB/Dec ‘ fC — fZX
f,‘J or
||
T Gy <0dB
L fzx: sz
i| | _|* | | [l
-20dB/Dec
Ll L1 [ | ||
100 1k 10k 100k ‘
Frequency (Hz) \\
Stability
Problem

'-1) ITPH'TDSZQ(*NSPI’W—‘?;]@HM iiﬂ mv :-250|ﬂ5i L1 I il I L1 T L1l

13 TEXAS
INSTRUMENTS




(o)

Determine CF

Calculate R

Verify value R

Calculate frequency of added pole

Keep added pole and zero
less then decade a part

After selecting ADC and OpAmp

20-C,,, <C, <60-C,,

R, = I
272"CF 'fzx
R
R 270
1
Jrx

- 27-(R.+R,)-C,

fPX 2%]CZX
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Design by Example

For ADS8326 we have t,o=750ns, Cg,=48pF and N=16.

k=(N+1-In(2)=(16+1)-In(2) =11.78
< Lao _ 750ns
k  11.78

£ = 1 B 1
“ ot 27-63.65ns

= 63.65ns

=2.5MH?;

' GBW 24- f,, =4-2.5MHz =10MHz

- 20-C,, <C, <60-C,,, = 20-48pF <C, <60-48pF =
90pF <C, <29nF = C, =1.2nF
B 1 1

R, = = =53Q
25-Cp-f,y 27-12nF-2.5MHz
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