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SECTION 1 - INTRODUCTION

Settling Time Calculator (STC) is a program written for the HP50g calculator that aids in the analysis
and design of the step response of a single pole RC filter. STC finds the time it takes (ts) for the
output voltage to respond to a step input voltage (Vstep) and settle to within a specified fraction
(Accu) of the final value.

R

Vstep c

Each parameter can be entered or found. STC can also be run on a PC using the free program
HPUserEdit 5.4, found at www.hpcalc.org, or the calculator page at www.maximintegrated.com.

Ten parameters can be entered or found,

Resistance, R, in kQ
Capacitance, C, in nF
Settling Time, ts, in us
Accuracy, Accu, int
Accuracy, Accu, in PPM

Accuracy, Accu, in %
Accuracy, Accu, in pVv
Accuracy, Accu, in LSB
Voltage Step Size, Vstep, in V
Resolution, Res, in bits

STC can find any of these parameters as a function of the others, making it useful for both design and
analysis.

Three additional circuit parameters are found,
e Time Constant, t, in us
e Cutoff Frequency, Fc, in kHz

o Rise Time, tr, in us

These parameters appear in STC as shown below:

B = 1.00004 kO E = 1.808088 kQ
£ = 1.80888 @F C = 1.86008 nF
ts = 11.5129 .= ts = 11.5129 ps
fecu = 16.Boe6a  Fpm Hecu = GlBbige-%
—_Cl = . . . —_cCu = . *
Aecu = 18E.@@88 oY 2 Wwithalternative  pecp = Glalez LSE
Vstep= 1A, BEEA lﬁ parameters, Ees = 16,8868 Lit
T = 1.B868 ps Fo  =1551.54%4 kHz_
[AHE | 570 | KCL | FLOT | FIND | EXIT) [NAHE | 310 | KCL | FLOT | FIND | ESIT

Refer to Section 7 for an explanation of the parameters and how they are calculated.
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SECTION 2 - INSTALLATION

STC can be installed on the HP50g calculator or a Windows PC.

Installing STC on the HP50g Calculator

STC may be installed in any one of three ways:

A. Best when installing one calculator:
Copy the executable file STC.hp to the home directory or subdirectory of the HP50g calculator.
Launch STC.hp.

B. Best when installing two to six calculators:
Copy the executable file STC.hp to the root directory of an SD card, and the much smaller file
STC to the home directory or subdirectory of the HP50g calculator. Launch STC.

C. Best when installing six or more calculators:

Install STC using the Calculator Launcher (CALC) utility found at
www.maximintegrated.com/design/tools/calculators/hp50g/. Refer to the CALC User’s Guide for
an explanation of this utility

Refer to the HP50g Graphing Calculator User’s Guide for instructions on how to copy files to the
calculator.

Installing STC on a Windows PC

STC can be run on a Windows PC using the free program HPUserEdit 5.4. HPUserEdit is an IDE for
the HP50g and contains a suitable emulator.

To install HPUserEdit:

Download and install HPUserEdit 5.4, found at www.hpcalc.org. Search for “HPUserEdit5”. The
default language is Spanish. However, other languages can be selected as follows,

1. Select ‘Opciones’ (Options)
2. Select ‘Idiomas’ (Language)
3. Select the preferred language (English is assumed in this document)

Torun STC:
1. Launch HPUserEdit

2. Launch the HP50g emulator by selecting Emulator/Run_the_Emulator from the menu bar. A
virtual HP50g appears.

3. Drag and drop STC.hp from an unzipped folder to the calculator screen and click the key.

The splash screen shown on page 1 of this guide is displayed when the calculator is loading. It
appears momentarily, and may not be visible when run on a PC.

STC creates a file named ‘CalcDB’ in the calculator’s home directory the first time it is run.
ETE EITE

‘CalcDB’ holds the parameter values used by STC when launched, and is used by the E#i# and EZ5
commands to store and recall the parameters.
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SECTION 3 - KEYBOARD

The following diagram shows the location of all keys used by STC:

HP 50g
Graphing Calculator

2D13D TBISET TARIF

Functions .- ZR & B B
F1ltoF6
Arrows
Next
R p JND MIH CAT P Gl
un FProgram A )
g | [ 1o symer] <= Delete
(emulator only) W AN T ADS 3 Austes
vxr siNs] cost | 7anU
10° 0 # =€ < 2 > ABS ARG
gex vl +—wl x x| axy =7
USER ENTRY S.SIV NUMSIY EXPEIN TRIG FINANCE TME [ ]
&y - 8 9 x |
CAIC ALG MATRICES STAT CONVERT UNTS () =
Shift
Enter

When using the emulator, the calculator keys map to the PC keyboard as follows:

Calculator Keys <> PC Keyboard
Numbers <> Numbers
Enter and Delete <¢> Enter and Delete
Yellow Letters «» Letters
Arrows €> Arrows
Left Shift <> Shift
Right Shift <> Control
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SECTION 4 - COMMANDS
STC has four sets of commands:

e Main Menu Commands
e Extended Menu Commands

Main Menu Commands

Aug 20, 2013

e Help Commands
e Plot Commands

After launching STC for the first time, the following screen appears, listing eight parameters.

Name

¢

E
C
t=
Hcou
Hcou
Hceu
Vet ep=
"|"_ —

List of Parameters

Message Line —»

Value Units
1.8868 kO Selection Arrow
1.86868 nF
11.5122 ps=
14 BLGae e
A6 . AREE W Alternative Parameter
16, Goae b Indicator
1.06088 p=

= <4— “Consistent” Indicator

IV il NAHE | 570 | RCL | FLOT | FIOD

Use the & and ¢a keys to select a parameter.
Use the O key to display an alternative parameter where a “-”” appears right of the selection arrow.
Use the O (insert) or (@) (delete) key to enter or edit a parameter. Press when finished.

Fl

Display the name of the selected parameter in the message line

Display the full precision of the selected parameter in the message line

Store all parameters

Recall all stored parameters

Plot the step response

Find the selected parameter

Exit the program

Exit the program

Launch previous run calculator (for physical calculators only - requires CALC)
Turn off the calculator

ESRRI RN

3

— T

Enter or edit a parameter value by using one of the following keys:
the delete key (D), and the left arrow (insert) key ()

F = 1.888H k0 F = 1.868680 k0

R c_ = ligeme o
= | | 5 = | | 5

Accu = 118128 1 fAccu = 11:8129 %
= 0 —Zl = o

HEEH = 18+ Accu = 1686, 4583

Vestep= 168,808 Y Vstep= 168.8888 W

T = 1.8680 p= N T = 1.686808 ps |

| NAME | =70 | KCL [FLOT | FIND | EXIT | [ nAHE | 2To | RCL | FLOT [ FIRD | EXIT

Press when finished.
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The equal sign (=), in the lower right hand corner of the display, indicates that all the parameters are
consistent with each other. That is, an RC filter with component values R kiloohms and C nanofarads
will settle to an accuracy of Accu (in PPM, %, uV, LSB, or 1) in ts microseconds, and have a time
constant of T microseconds, a cutoff frequency of Fc kilohertz, and a rise time of tr microseconds. The
parameters are always consistent immediately following a ( command, and the “=" will
appear. Any entry of a parameter value will show the “#” sign, indicating that the parameters may no
longer be consistent.

Extended Menu Commands

Press the key to display the Extended Menu showing four additional commands. Press
again to return to the Main Menu.

R = 1.00064 kO
C = {.8088 nF
£z = 11.5129 =
Accu = 11.5129 =
Hocu = 16,8668 PPM
Accu = 100.88088 %
Wstep= 10.@000 U

T = 1.868688 p=

[EE A FTEAEI G <— The Extended Menu

( Display the settling time equations used by STC
( Export the selected parameter to the stack upon exiting

B (
CO(

Import the number present in level 1 of the stack when STC was launched to the
selected parameter
Enter all default parameter values

The Main Menu reappears after executing an extended menu command.

Help Command

Press ) to view pages 1
through 4 shown below. Press (
Circuit - Ztep Up Faae 1 oF Y4 Circuit = Ztap DoHn Fage 2oF Y4
K K
V=tep Yoyt Uztep Vout
T T
- - _i - - _l
Wout = Wstep|i1-o BC Yout = Wrtep-a RE
| FEEU | NEXT |
Accuracy and t= Faag 2 oF Y4 Carcuit Fropertigs Faas Y aF Y
-z_;_i- H-:i:u"_.l. ) “':':"'LEB T = RC TiHe Conztant
T Ustep © JRes -
; : 2 F e CuttoFF Frequency
L=l T el -
o # _ " FFH _ -ACCUg tr = LnC30RC Fise TiHe
100 1000000
| FEEW [ NEXT | | FEEU |
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Plot Commands

in the Main Menu) plots the step response of an RC filter.

The key elements of the plot display are show below:

Weut | g ) Yout, = 3 303047 v
- = H=
Final voltage value —}V ............................... « markers
90% marker
Voltage axis — Settling time
10% marker / ) .
5 = <«— Time axis
Return 1o Step FFALL ] ZhoH,
| |
parameters —> W[ 2p KIEpOncg H
Yout Vout = 5509047 ¥ Trace marker
e Y Shaana i / coordinates
Illﬂt.zp e

Trace marker

Accuracy atts — Hocu «—
/ T marker
2ARccu }
1tz 1
Ttep Respencs FULL
AT E,{'.'-:-ut = 0,030%52 Y Yaut IE,{'.'-:-ut = 0,030552 ¥
1 =4, 700000 p= t = Y.7o0000 p=
yztap 2Rcou
Accu
u- 0 :

T 1 Lt *
$t-=r- Fesponce  [REEIEDNTE tep Responce TN

The following keys are active when a plot is displayed:

) Return to the parameter display

) Display a falling step

) Display a rising step

Plot the full settling time (O to ts)

) Plot the time range between %-Accu and 2-Accu

-

g O 0 BEEEE

EN

a

Move trace marker left by 1 pixel

Move trace marker left by 10 pixel

Move trace marker left to the closest marker
Move trace marker right by 1 pixel

Move trace marker right by 10 pixel

Move trace marker right to the closest marker

VIIVICICIS
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SECTION 5 - MESSAGES

STC displays five types of messages on the message line:

1. Name Messages

E = 1.HHEE
C = 1. 86686
t= = 11.5129
Hoou = 11.5129
Hoou = 16, 38848
Accu = 188, BEEA
Mestep= 16, AEEGEH
T = 1.B86688

Yoltgge Step fizd

Aug 20, 2013
ki

nF

s Name messages describe the selected parameter when

EF‘M active.

ik

=

[NAHE | 5T0 | KCL I FLOT]FIND[ERIT

2. Busy Messages

E = 1.6 kO
f= 2 11:5998, 0% - e
= = . =
focu = 117 Ei54 % Busy messages explain what the program its doing.
Hcocu = 18.88688 PPH
Accu = 18A.A8AA i
Vstep= 16.0000 ﬁ
= 1.B8668E8
F:.nd:.ng e
IIEI]EIEIEI
3. Error Messages
E = 1.6 kO
Y
= = . = ;
Bocy = 11.5155 % Error messages warn of an illegal entry, command, or result.
Hcocu = 18.88688  PPH
Accu = 1868, 88a4E W
Vetep=  18.88EA
T 1.886868 p=

2erd or Nggative Mot Allaned! =

[ NAHE | =To | RCL | FLOT | FIND|EXIT]

4. Full Precision Messages

E = 1.6068688 k0
C = 1.06688 nF
EE = H g%%g* ps Full Precision messages show the full precision of the selected
HEEH - 16. BEEE EF‘M parameter value, when (<) is active.
Accu = 168H. BEA W
Vstep= 16.0800 ki
= . @A 1=
Pr-z-::.s-zl.y 11.513%354L5 =
 NAHE | 2T0 | KCL [ FLOT [ FIND | EXIT]
5. Import Messages
E = 1.88868 EQ
C = 1.8888 nF
EEE,_, — % % . E%%g* %5 Import messages show the value to be imported.
Hcou = 18.68HAE PPH
Accu = 16868, BEAA W
Vztep= 16.0600 ¥
= 1.8888 p=

IHp-:-rt uglug: 5, EE??E

heLr | Eie [ Ine Jres] Finn Page 9
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SECTION 6 - EXAMPLES

This section demonstrates how to use STC by solving a real world problem.

Entering (), («)) and Finding (7))

STC enables parameters to be entered or found.

In this example, STC is used to predict the settling time of the output voltage of a precision digital to

analog convertor (DAC) under different load conditions. Trade-offs between settling time, accuracy,

and load are examined. The MAX542A precision DAC is used as an example. The application circuit
is shown below,

+5V +2.5V
0. 1uF 0. 1uF
REFS REFF
19
MAX542A
Lbacs O
A\ 4
SCLK O—» & ¢ > 2 z — ( Vour
cs/L £ &
C. CTRACE CLOAD Rioap

SO
D)

GND AGNDS AGNDF ; ; g

Figure 1

In this circuit, the output voltage (Vour) settles to a final value defined by the equation,

DIN[15:0

Vour =Veer %

Where,
Vrer is the full scale reference voltage, 2.5V
N is the DAC resolution, 16 bits
DIN[15:0] is a user supplied digital code ranging from 0 to 65,635.
Rour is the DACs output impedance, 6.25kQ
C, is the load capacitance specified as the test condition in the data sheet, 10pF
Crrace is the capacitance due to circuit board trace, vias, connectors, etc.
CLoap Is the load capacitance (i.e., opamp input capacitance
Rioap is the load resistance to ground

The falling edge of LDACB (“Load DAC Bar”) initiates an output voltage change and is the time zero
reference point (to) when measuring the settling time (ts). See Figure 2 below.
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Graphically,
4 .
Logic High = ;
LDACB 4 1
Logic Low _J /
; >
t
A
Logic High :
DIN[15:0] FFFF, X 0000y,
Logic Low H
: >
A t
VOUT
>
ty t

Figure 2

1. Finding the Settling Time Under Device Test Conditions

First, calculate the settling time of MAX542A DAC under the test conditions given in the data sheet.

E = 1.06680+ EQ Step 1:
AR I A
= = - = H ’
Bocu = 11.51%a % Start with STC’s default parameter values as shown.
Hoocu = 18.688EH  FPH
Accu = 1686, BEEA W
Yzfep= 10, Geoa L
T = 1.886868 p= B
| HELF | EXF | IHF [REZET| FIND | EXIT|

The MAX542A datasheet gives the following device parameters used in this example,

ELECTRICAL CHARACTERISTICS
(VDD = +5V +5%, VREF = +2.5V, AGND = DGND =0, Ta = Tmin to Tmax, unless otherwise noted.)

PARAMETER | SYMBOL ‘ CONDITIONS ‘ MIN TYP MAX | UNITS
STATIC PERFORMANCE—ANALOG SECTION (R = =)
Resolution N 16 Bits
DAC Output Resistance RouTt (Note 2) 6.25 kQ
DYNAMIC PERFORMANCE—ANALOG SECTION (R[ = =, unipolar mode)
Output Settling Time | [ to +,LSB of FS, CL = 10pF | 1 [ s

Note 2: RouT tolerance is typically £20%.

This test condition assumes, in Figure 1, that Crrace and Coap are zero, and R, oap is infinite.
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E = 5. 25884 kO
C = 1.8 nF
t= = 11.5129 p=
Hoou = 11.5129 =
Accu = 18.88688  PPHM
Accu = 188, AEEA i
Yetep= 10, oo0@ b
T = B. 2088 =

=
 nAME | =70 | KCL [FLOT [ FIND | EXIT]
E = 5.2588 kO
C = H.d1884 nF
t= = 11.5129 p=
Hocu = 11.5129 =
Accu = 1A.8888 PPM
Accu = 188, AEEA i
Y=tep= 10,0000 &

T = H. 8625 ps
 NAME | £T0 | KCL [FLOT | FIND | EXIT]
E = 5.2588 kO
C = B.8188 nF
t= = 11.5129 p=

Hoou = 11.5129 =
Accu = 18.868688  PPH
Hcou = H.EH1824 - L5E
Fes = 1@8.86060E bit
T = H.BEZ2S p=

=
 nAKE | 270 | KCL [FLOT [ FIND [ EXIT]
E = 5.2588 kO
C = B.A188 nF
t= = 11.5129 p=
Hoou = 11.7835 =
Hccocu = F.6294 PPM
Hcou = H. SECE+4 - LSE
BRes = 1&6.86808 bit
T = H.H52S p=
 nAKE | 270 | KCL [FLOT [ FIND [ EXIT]
E = 5.2588 kO
C = B.8188 nF
t= = B. 73554 p=
Hoocu = 11.7835 =
Bccocu = F.5294 PPM
Hcocu = H.oE0E8  LSE
Eez = 1&6.80808 hbit
T = H. 8625 ps
 NAME | £T0 | KCL [FLOT | FIND | EXIT]

Aug 20, 2013

Step 2:

With the selection arrow (*) pointing to R, use the O or (<)
key to enter the DAC’s output resistance, Royt, into R. From the
Electrical characteristics table Roytis 6.25kQ. Note that the
consistency indicator changes from = to # indicating that all
parameters are no longer consistent.

Step 3:

Use the up and down arrow keys (¥ and ¢a ) to move the
selection arrow ('i) to C. Enter the load capacitance, C,, from the
data sheet of 10pF (0.010nF)

Step 4:

Enter the DAC resolution of 16 bits and the specified settling time
accuracy of 0.5 LSB. Move the selection arrow (#) to any of the
accuracy (Accu) parameters and press the right arrow key (5> ) to
display Accu in LSBs and resolution (Res) in bits.

Step 5:

First, select Res and enter the DAC resolution of 16 bit. Next,
select the Accu parameter in LSB and enter 0.5. Note that the

equivalent accuracies in T and PPM are automatically updated.

Step 6:

Find the settling time by selecting parameter ts and pressing the

( key. Parameter ts changes showing a settling time of
0.74ps. Note that the consistency indicator changed from # to =
indicating that all parameters are consistent.

We find that Vour settles to 0.5 LSB of its final value in 0.74ps. Observe that this is less than the 1ps
typical settling time specified in the data sheet. This difference is because the 1us specification is a
conservative estimate accounting for typical process variations (e.g., Rout +/-20%)
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The predicted settling time of 0.74ps is in close agreement with the step response found in the Typical
Operating Conditions (TOC) section of the data sheet,

FULL-SCALE STEP RESPONSE
(fscLK = 20MHz)

© GL=10pF
Rz -

MAK542-104

ouT
500mV/div

400ns/div

Next, for the same circuit, find the accuracy in puV, given a full scale step of 2.5V.

R = £.2988 kO  gpep7
C = H.H18H nF A . .
t= = B.72E5 ps Display Accu in pV and Vstep in volts. Move the up and down
EEE'-I = 1%,- E%gg Eoy  armow keys (3 and (& ) to move the selection arrow (¥) to any
FEcl = 7r.S5=c4.0u  of the accuracy (Accu) parameters and press the right arrow key
Vetep= 100008 W ).
T = H,H525 ps B
L NARE | 570 | KL | FLOT | FIND | EXIT
E = B. 20 kI .
C = @.@188 nF @ SoePE .
EE = 1?. ;Egg = Enter the full scale step voltage of 2.5V in Vstep. Note that Accu
CCug = . T i i
Aoy = S 2R Fpy N MV automatically changed to 19.07uV.
Accu = 19.H735 W
Vstep= = a JEEE -
T = 8.8623 ns
| NAKE | 210 | KCL {FLOT | FIND | EXIT

We find that Vour settles to within 19uV of its final value in 0.74ps.

2. Finding the Settling Time Under Real World Conditions

In real application circuits (see Figure 1), the DAC output will see additional capacitance due to the
(Ctrace) and load (Coap), and additional load resistance (R oap). The presence of these will affect the
settling time. R oap appears in parallel to Royt effectively reducing Rout, and Crrace and Coap add
to C, increasing the effective load capacitance (Figure 3).

In this second example, find the settling time of the MAX542A DAC when driving a high impedance

input of an OpAmMp (RLoap = ) having 5pF input capacitance (Coap = 5pF) and a trace capacitance
of 20 pF (CTRACE = ZOpF)
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F = B, 200d  kQ Step 9:
[ = H, 83564 nF
EIS = 1?- ;Egg TE= Use the up and down arrow keys (<3 and ¢a ) to move the
Becl = 7 t523 pPem  selection arrow (%) to C. Enter the total load capacitance of
Accu = 19. 8735 35pF (0035nF), C=C_+Cyrace+Ciloap = lOpF + 20pF +5 pF
Metep= 2. oHE
T = H.2182 p=

| NAKE | =70 | REL JFLOT | FIND [ ERIT)
D GEBE aww

= A i tep 10:

fe = 2.577e4ps P o _ _
Accu = 11.7835 = Find the settling time by moving the selection arrow ('i) to ts.
EEEE - 15: B%g% PEH and pressing the ( key. The settling time has more
Wetep= Z.Soo@ than tripled to 2.6s.
T = H.2188 p=s

| NAHE | 5T0 | REL JFLOT| FIND | ERIT

It is seen that, although the MAX542A data sheet specifies a typical settling time of 1s, it can be
much longer under the load conditions found in a typical application circuit.

3. Finding the Output Accuracy Under Load

Find the accuracy, in uV and LSB, to which the application circuit will settle in 1ys.

E = G.2588 k0

C = A.A358 nF Step 11:

t= = 1.86604 p= .
Accu = 11.7825 = Enter 1ps in ts.
Hcou = r-6294 PPH

Accu = 19,8735 i

Y=fep= Z.So0@

T = H.2182 p=

E = G.oodd kO .

C = @[.8358 nF  Stpl2

Eicu - ,._11: gg?g L= Find Accu in PPM.

Aoccu =1683243. 1734 -PPM

Accu =25857. 923 W

VWstep= 2,500 U

T = a.2133 p=s

| NAKE | =70 | KL |FLOT | FIND[ESIT

E = G.oodd kD :

C = @.gma nf  ooP L

EE = ‘11 gg?g = Display Accu in % and LSB by pressing the right arrow key ()
HEEH = 1. @94z :E at PPM (to display %) and again at Accu in pV to display Accu in
Hoou = &7F.20824-L5SE  LSB.

Fe= = 16.B88H hit

T = a.2133 p=z

 NAHE ] 270 | KL | FLOT | FIND [EXTIT
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Settling time can be very sensitive to load capacitance. Here, it is found that tripling the load
capacitance (10pF to 35pF) reduces the accuracy at 1us by over a factor of 1000 (0.5LSB to 677
LSB)!

Plotting ( )
o | of P e
IIIEt.zF. = T ..... eemerereeniens S tep 14:

Press to plot the step response. The parameters must be
consistent (i.e., “=" displayed) to be plotted.

|:| 1
1} T t= t
step Fesponce IEMMIELNTA

Weut | g f Pout = 2.474iN2
t = 1000000 ws
I|'5"I'ZFI ek a e R ERE R ERGEE R rEES R sERGEE s EarEREEnsan Step 15
P Press to zoom in around ts.
2ACCl }

tz T
ftap Respenca FULL

4. Finding the Maximum Load Capacitance

Finally, find the maximum load capacitance that can be driven and achieve an accuracy of 0.02% in
1.5us.

E = B.oodd kD
C = H.@258 nF Step 16:
t= = 1.50888 p= ) )
Hocu = 2.59172 = Enter 1.5us in ts and 0.02% in Accu,
Hcou = A, AZ20E4 -
Hcou = 13016872 LSE
Fez = 1&6.0008 bit
T = H.2188 p= B
| NAKE | =T | ECL [ FLOT | FIND | EXIT |
E 2 Bi53foe iF
= . n .
ES = é_g?gg = Step 17:
coy = . T .
Rocu =  B.6200 X Find C.
Hoou = 13,1872 LSE
Fez = 1&6.0000 bit
T = H.1751 p= |
| NAHE | 2T0 | KCL [FLOT [ FIND | ERIT]

It is found that to settle within 1.5us the total load capacitance must be less than or equal to 28pF.
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SECTION 7 - BACKGROUND

All electrical circuits suffer from some degree of time delay between input excitation and output
response. This delay limits both the speed of digital circuits and the precision of analog circuits. This
delay is often measured as the time it takes for the output voltage to respond to a step change in input
voltage.

The RC Network

Common causes of signal delay are the RC networks found in every circuit. They are made from the
various resistances and capacitances found in all signal sources, interconnections, and loads. For
example,

Source Load
Interconnect

ROUT RTRACE VOUT

l Crrace Clonp R 0ap
VSTEP

These resistances and capacitances can be combined, and the circuit reduced to a simplified RC
network as shown,

v Where,

C R = ROUT '(RTRACE + RLOAD)
VStEP Rour + Rirace + Rioao
andv C= CTRACE +CLOAD

Figure 3

The step response of this circuit is an exponentially declining output voltage, given by the equation,

t

VOUT =VSTEP e

Where 1 is the time constant, 7 = R-C. The settling time increases with R and C.
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Accuracy vs. Settling Time

How close Vout comes to its final value (0V) is a measure of accuracy, and is specified at a particular
time, t;. Accuracy is usually measured as a fraction of the step size, Vstep.

Accu

t
V _s
ouT __ e RC __

VSTEP VSTEP

Accuracy may be expressed in several of ways. STC uses five: uV, LSB, %, PPM, or number of ts.
These parameters are related by the equation,

e—;—sc _ g pow, _ ACCU _ ACCUy, _ ACCUppy _ ACCU, s
Voer 100 1000000 2

Graphically,
Vout A
V t .......................................................................... —— FU" Scale
step 100%, 106 PPM, 2Res
0.37-Vstep —
Accuyy = ACCUy; ppw, LsB
0 :
0 T s t

As can be seen, the greater the accuracy the longer it takes to settle.

The settling time of an RC network is commonly defined to be 5t, where Vour Settles to less than 1%
of its final value. However, settling time can be two or three times longer than this for high accuracy
circuits such as 12 to 20 bit precision DACs. This can be seen in the following table that shows
equivalent measures of accuracy.
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Table of Equivalent Accuracy

Equivalent Accuracy
T % PPM uv * bits **
0.0 | 100.0000000 1000000.000 4096000.0000 0.0
0.7 50.0000000 500000.000 2048000.0000 1.0
1.0 36.7879441 367879.441 1506834.1910 14
2.0 13.5335283 135335.283 554333.3201 2.9
3.0 4.9787068 49787.068 203927.8320 4.3
4.0 1.8315639 18315.639 75020.8569 5.8
4.6 1.0000000 10000.000 40960.0000 6.6
5.0 0.6737947 6737.947 27598.6309 7.2
5.5 0.3906250 3906.250 16000.0000 8.0
6.0 0.2478752 2478.752 10152.9689 8.7
6.9 0.0976563 976.563 4000.0000 10.0
7.0 0.0911882 911.882 3735.0685 10.1
8.0 0.0335463 335.463 1374.0549 11.5
8.3 0.0244141 244.141 1000.0000 12.0
9.0 0.0123410 123.410 505.4866 13.0
9.7 0.0061035 61.035 250.0000 14.0
10.0 0.0045400 45.400 185.9581 14.4
11.0 0.0016702 16.702 68.4102 15.9
11.1 0.0015259 15.259 62.5000 16.0
12.0 0.0006144 6.144 25.1667 17.3
12.5 0.0003815 3.815 15.6250 18.0
13.0 0.0002260 2.260 9.2583 18.8
13.9 0.0000954 0.954 3.9063 20.0
14.0 0.0000832 0.832 3.4059 20.2
15.0 0.0000306 0.306 1.2530 21.6
15.2 0.0000238 0.238 0.9766 22.0
16.0 0.0000113 0.113 0.4609 23.1
16.6 0.0000060 0.060 0.2441 24.0
17.0 0.0000041 0.041 0.1696 24.5

* VSTEP = 4.096V

Rise Time

Rise time, t,, is commonly defined as the time it takes Voytto move from 10% to 90% of Vgrep. Itis

calculated by,

t =In(9)RC

Bandwidth

** 1 LSB accuracy

Aug 20, 2013

The RC network forms a single-pole low-pass filter with a 3dB cut-off frequency, Fc. Where,

F-t
27RC
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SECTION 8 - TOOLS, MODELS, AND SOFTWARE NOTICE

Information furnished by Maxim Integrated is believed to be accurate and reliable. However, the
company cannot assume responsibility for use of any circuitry other than the circuitry entirely
embodied in a Maxim product; nor for any infringements of patents or other rights of third parties that
may result from its use. No license is granted by implication or otherwise under any patent rights of
Maxim Integrated. Maxim reserves the right to change the circuitry and specifications without notice.
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