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We need to configure the switch timing

i V_CNTL BIT_SW BITR

' ] ]|
. ' + + + I
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Configure the voltage controlled switch

SW_BIT
Von 1

V_BIT

N

X7,

[

SW_acq - Voltage-Ctid. Switch 5]
Label SW_acq
Footprint Name -
Parameters %Darameters)
Vot (] " =
= von V] 1 ]
Roff  [Ohm] A -
Ron  [Ohm] Tu Ll
I= vl
|100m
v, OK X Cancel ? Help

Set all parameters as
shown.

Default Roff=1GQ and

Ron=0Q will impact
accuracy.
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Configure the signal source to control the switch

SW BITO
Von 5

' +
BIT sw = L X L BIT_SW

T
. +
1. Click on source to i N — 3 Select
select and edit = \ “pi ise linear”
. . L CREF 13.75p iecewise linea

switch control signal = l

Signal Editor

T e S e B
[ Label v_BIT ] L| J,I:‘ Pv| Pv[

Parameters |(Parameters)

L

DC Level [v] 0 |:] | [Mex REPEAT FOREVER
= - - y 0 0
|S|gnal . |Piecewise linear = 2 . U n d e r 3 O0E 08 i G000
Internal resistance [Ohm] 0 O 14E-09  1.00E+00
10 state [Input 1 . I I . k 1SE-09  0.00E+00
| 30E-09  0.00E+00
 Foul INone | signal, CliC EE

here to edit. o

Successfully compiled
Line:6 Cal:9

v OK Ix Cancel I ? Help |

v, OK X Cancel 9 Help
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Configure the signal source to control the switch

ol
L\ =] o] ] o] ] BelfPe 2 #] voltage
f SRRERT FORRVER I eve I S
- — fose [ ey |
Time \ >=\_§§;m:;§_§_ﬁ_,==\;:_z_s;_:gs & On: V=1V
Min: 0 Max: 30 < » - Off: V S O
| e e e
v ok | X concel | 2 Hep |
. ? 13n5| Repeats cycles forever
OT - -
SWon —>» /_\— :
: s
! :
SW off == 00— ; >

1ns 1ns 30 nsg
Rise time fall time
i Onecycle=30ns

.

 J
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Example simulation: simulator settings

B

[0 ) B e T - [

REPEAT FOREVER
0

1.00E-08 1.00E+00
14E-09  1.00E+00

13E-09 0.00E+00

30E-09 0.00E+00
ENDREPEAT

b v
Successfully compiled
Line:7 Col:10 Test | wenu |

v 0K X Cancel |? Help |

HEMJJJJTHJ

V_RESET

V_CNTL

REPEAT FOREVER
23.008-08 o
24.008-03 1.008+00 L
25.008-08 1.00£+00
26.008-5 0.00£+00
30.008-03 0.00z+00
EwDREFEAT L
Win: 0 Max 30n . v
Successtully compiledt
Line:& Cal-10 Test | Menuw |

v oK |x Cancel |? Help |

EMMEMJTHJ

REPEAT FOREVER
o o
1.00E-08  1.00E+00
240E-9 1.00E+00
2e1E-9 0.00E+00
1.000E-06 0.00E+00
ENDREPEAT
Min: 0 Max Tu « v

Successfully compiled

Line:7 Cal:10 Test | Menu |‘
v oK |x Cancel |? Help |

15ns
-
1.0
0.0 >
—| |- —| |-
1ns 1ns 30 ns
Rise time fall time
E Onecycle =30 ns
. Repeats cycles forever >
fall time
Repeats cycles forever ~ —pw| |¢— 1 ns
1.0

0.0 Rise time

One cycle

23ns
1ns —p|

R —

= 30 ns

Repeats cycles forever

240 ns

-

1.0

—

\

|-

.0
—| |-
1ns
Rise time

| |-—
1ns

fall time

One cycle =1000 ns

1000 ns
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Optimizing Simulation Results

@! Noname - Schematic Editor

Fie Edit Insert View | Analysis T&M Tools TIUtiities Help

== =
%% Analysis Parameters i

= Operating point with initial conditions (No) No
ﬂ@ﬂz’%@i R tJ I_ SJW TR max. iteration number [] (20) 20
{ = (/5 ,G: Mode... L.}M{L,] ¥ I_‘M < TR max. abs. voltage incr. [\] (200m) 200m
4 ) il = Select Control Object TR max. abs. current incr. [A] (20m) 20m
Basic | Switches MetersFe Macros TR max. relative increment [%] (1.0E+30) 1.0E+30
TR maximum value relative error [%] (1m) m
DC Analysis » TR LTE voltage-based/charge-based (Yes) Yes
AC Analysis » TR truncation error factor [-] (7) 7
Transient... TR iteration control factor [-] (500m) 500m
TR charge tolerance (10f) 10f
:ia:;’r':ﬁ:s?"'er“‘ ; TR meximum time step [s] (10G) 10G
TR minimum time step [s] (1.0E-30) 1.0E-30
Noise Analyss... TR excitation subdivisions [-] (10) 1000 é
TR time intrv. subdivisions [-] (100) 10k
Options... Abs. error of optimization [-] (1n) 1n
Rel. error of optimization [%4] (1u) Tu
Semiconductor capacitors enabled (Yes) Yes
Shunt conductance [S] (0) 0
Shunt capacitance [F] (0) 0
Max. no. of saved TR points [] (1000000) 1000000
. 1 2 ‘Wave processing quality (1-4) (1) 1
Set Analysis Parameters e .

adjusts how the simulator math
engine operates.

D lx

Description

Default analysis parameters.

These parameters establish convergence and sufficient accuracy for most circuits.
In case of convergence or accuracy problems click on the "hand " button to Open

2
&l

¢ 0K X Cancel

? Help |

o] €—

_ TR excitation subdivisions

TR time intrv. subdivisions

1000
10k

This increases the number of
points vs time so that transient

behaviors aren’t obscured.

Press this button to
expand the list.
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Optimizing Simulation Results

g’."! Noname - Schematic Editor

Fle Edt Insert View | Analyss T&M Tools TIUtiiles Help
Dlalglil Bl ERC- [ @]fioox=] i
AE SRS

" Select Control Object
Switches | Meters e Macros
Basic_| Juster Set Analysis Parameters... —l

DC Analysis »
AC Analysis 4
Transient...

Steady State Solver...
Fourier Analysis 4

Noise Analysis...

Copons. |

\

Set the “numeric precision” to 6 digits.
This will allow us to see dc operating
points to six digits. The importance of
this is highlighted on the next slide.

Analysis Options ) AI

General |_E_RC

Digital Analysis

Trace Mode
(" Detailed

(¢ Percentage Bar

(" Message

2

Numeric precision:

4

[~ Showwarnings

Ci |
Delay: IDefault v I m’

?  Hel
[V Enable glitch control 4|‘ =2
Glitch control: 50.00%

(~Vhdl / MCU
[~ Enable MCU Code debugger
[~ Generate synthetisable code
[ Compile packages at startup
[v Enable digital engine 6.x

[V Enable YHDL mixed mode

Advanced...

7Tlﬂll§;l=llt
Integration method —————————
(" Trapezoidal

(® Gear

Integration order |2 vl

~Performance

Number of threads Max =

[V Matrix compilation

~Output curve filter—————————————

[~ Filter enabled

Threshold constant |1 m
Maximurn skip I1 oo <

| Enable run time statistics
|~ Enable instant diagram drawing

[ Save all analysis results

| Disable wamings for large size analysis results
[ Remember diagram settings
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Steady state Simulation Results

;‘! ads8860_model-se - Schematic Editor
Fie Edit Insert View | Analysis Interactive T&M Tools Help

RS [ @ =] &d-[7] sl
JLIG[£[S[5 rece- e[xl=]~[slof]=]=
Basic | Switches | Meters LB enabie(jl lectronic | Spice Macros | Gates | Flip-flops | L
—_— ———  Stress Analysis Enabled
Enable MCU Code debugger
Select Optimization Target VIN
Select Control Object
Set Analysis Parameters... L
= 355 DC Steady State
AC Analysis > Table of DC results T
Transient... DC Transfer Characteristc... Output 4.999975 SW CNTLO SW_BIT 0 SW BIT RO BIT_R
Steady State Solver... Temperature Analyss... 1 VREF Von_1 CNTL Von 1 J_1 BIT_SW Von_1 - J_1
Fourier Analysis '] - o+ v+ o+
— i J e P
Digial Step-by-Step VIN U1 REF6050 — >T< — >T< L >T<
b ] e i M o —y sl e
Mixed VHDL Simuiation... EN REF6050 ouT_g—— CREF J_
Symbolic Analysis > SS GND_{§ — < —
2‘;::[12::0"’?"' , FILT GND_| VREF _error ADS8881 Discrete Charge Ref Pin Model f—
e o | = = =
ey %J . 18-B LSB=38uV Vref=5V CMSB = 13.75pF CREF 13.75p
b= g C21u = vV SS
e 4 959975 tconv=500ns=18CCLK A1
1 : TCCLK = BIT_SW = ~30ns (tcclk) BIT SW  BIT R  CNTL
A1 CNTL=8 30ns=240ns (8 hits per conversion, 2xCSH T -
Simulation = Iref = ~511uA \ 5 \ 'I-Im_J + g
= Iref = | 3 Z
Datasheet I_refin= ~300uA > S S!
The steady state Reference input to the
includes external reference initial Set the V_SS source to match the steady
accuracy error. state Reference input.
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Example simulation: transient results

?! ads8860_model-se - Schematic Editor

e R [l Ve e ST AN Voltage across CREF
TZIBIZ & Mode.. AR CREF
= ?Wiw:;s?e_é ::‘;i’;:mEmued fcxlri!sﬁi'c'ewlnlcrf@ R Load Cap
ey 870 - .
s - mg \ \ Transient Current into
Set Analysis Parameters... .
o sas REFIN Pin
5.00— |
e veer j [ , REFIN Pin voltage
el | 500
Digtal VDL Smubmn 10.94u —;
ERET T VREF _error j [ , REFIN error Voltage
eaininiiag , -972.84u
options... 5’00_2 S .t h t I . I
o e LTI e et e
x - RESETs Crer voltage
art display ] ]| (v 5.00— B . .
e ,z—ii . HHHJH|HHH|H|HH|HH|HHHH HHH“HH Switch control signal
EERISY 4 = ance - ]
LT 0.00— Conv Clock (CCLK)
0 Calcglﬁte operelitfng point ? Help 5.00 ]
e v_eNTL CNTL switch signal
[V Draw excitation 0.00 : R ! T ; ! ! y K . T y i (8XCREF LoadS per COnV)
0.00 1.00u
Time (s)
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R5 1MEG

Key Result: Error Signal

VIN

o i

N
REF6050,, "¢

OuUT_S

C21u

Vss 4.999952 I

VVREF_error

972,84y ]

V_BIT

V_CNTL

V_RESET

100.00u —

5.00 —

0.00-

5.00

0.00_1

|

- Zoom in
Reference settling error

Verify settles within ~1 LSB
vuuuuuuuuuyuuygyuuy

5.00

0.00_1

900.00n

1.47u 2.05u
Time (s)
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R5 1MEG

Key Result: Error Signal

tVREF _ 2-VREF

LSB =3 =38 L4uy
Check Settling
VRee o eEEEm==
SW_CNTL SW_BIT SW_BIT
VIN U1 REF6050 8x CCLKs (CCLK) RESET I
VIN OUTF |—— : ! i
o ied

R4 20m

ss GND_S
r FILT GND_F ﬁ
C21u

i CREF _]_I
S =
I VREF_error — I
1 |- creF 1375pF |
V1 4.999952

[e3] f'?u L I

25.00u
VREF_error .00

-25.00u

-50.00u
5.00

V_BIT

5.00
T

V_CNTL
many conversions

Droop < ~1LSB

V_RESET

TR
Look at droop error over

100.00u
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Key Result: Error Signal

Example with excessive droop VREF omor |
OPA320 Stable 70500
driving load, e

but unable to recover
at 1-MSPS. Check Settling 0.00

e V_CNTL Look at droop error over
:' on fo _?é”c-_&'?_ - i_vésE? T many conversions
: 71 | 000 ~500 conversions
OPA320S s 1 . iy J_l 5. D 7 V o> ~1|_SB
s I | o L roop 7m
L v2s 5 | g == | V-RESET (not Optimal)
I 3 L :+ V1 4.999952 CRERAG-TogF
8 147u 1 1
= + I" | I I 0.00
¢ 1 | e e e e e e e e — - a 0.00 250.00u

~ g
500.00u
Time (s)
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Key Result: Average Current

Average Current per
Datasheet spec is 300pA

Average Current per
simulation spec is 530pA

Useful to compare sim vs datasheet

Simulation Current

Meter N e
VREF SW_BIT SW_BIT
VIN U1 REF6050 | (CCLK) RESET |
’J 1
VIN OUTjﬁ IREF
T_E EN ouT_§ > I I
ss REF6050 [ "] I CREF ;I
f FILT GND_Fi R10 80m | | I
—~ CREF_Load
1uF
gj’ C21u 45 = C4 22u | |
_ i I + I
= |

W3 TExAS INSTRUMENTS
14



Key Result: Average Current

<7 Noname - TR result2 ol
Average Current per oE B E°“’ij;j“"' b st 2| | 4 2]
Datasheet spec is 300pA " 'X
Average Current per REFew T IHHII
simulation spec is 530pA -123.3?:3 -
Useful to compare sim vs datasheet | =
Simulation Current -50,335:5 | :rér?sliigzsfdfvcé the Current
Met |
G P A A A
g e — N - g 2.Select Process... >
f FIL GND_ A%mem : :_:C:i_mad I 5'00_: Averages. .. on TOp Menu.
g G2y o = 4220 | INTL ]
- 1 | L | : ‘
= - l_ o _ _ _1 0.00 ——— |
900.00n 1.90u 2.90u
Time (s)

4
Rresultl TR result? |




Key Result: Average Current

L
: [REF]
Average Current per LREF (mA) ] HHH” String ime; 500000
. ] nding ume: 2. u
Datasheet spec is 300pA 130890 . Absolute Average Value:537.323843u
50.00u —
Average Current per e ]
simulation spec is 530pA ) ; M ’ T
Useful to compare sim vs datasheet 500
- Simulator calculates
Simulation Current : _ average current and
00— displays value
Meter N ———— , 2.33__ Play
U1 REF6050 VREF SW_BIT SW_BIT 1
VIN I (CCLK) RESET h
=N [, o l l
REF6050 CREF EXTERNAL REFERENCE INPUT
iir 2:[;7 R10 80m | — " it ADS8881C 5|,
; f - ﬁ I " CREFload | | it ADS88811 5 n
c2 1u L o I 1| Rotmorce o coren__| (L0 o PR e e | 0 |
J I I = I 'C Decoupling capacnorattrllle [ 10 2 IF |
=l = I I | REF REF input 3
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Agenda

Reference Performance Specifications:
Initial Accuracy, Drift, Long Term Drift, Noise and Output Drive

Overview of SAR REF Drive Topologies:

Reference standalone VS Buffered Reference

SAR ADCs with Internal Reference Buffer
SAR REF Input Overview: The Capacitive DAC (CDAC)
Build TINA REF Input Model for a SAR:

Discrete Charge Model

Tl Device Specific Model
SAR REF Drive Circuit Design:

Reference Bypass Capacitor

Reference Buffer Stability and Compensation
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REFIN Tl Device Specific Model

| REF6050 Reference Design: Settling Analysis

VREF
U1 REF6050

_ De\{lce specific: model closer to = I l
device topology s o g X L
R5 1MEG c2 1 1 i §C§ I
- Uses variable weighted switching R

capacitor load

<
z
<
REF_Current
‘ +

- Behavior may be more accurate L we I
and/or closer to real silicon, at the e L e
cost of slower simulations/circuit - C?
complexity 22

ADS8881

AINPsmp] —
AINM Vin_sh

AINMsmp)

GND

i
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REFIN Tl Device Specific Model: transient results

?! ads8860_model-se - Schematic Editor

Fle Edt Insert View | Analysis Interactive T&M Tools Help

A= e e

[ alfows] 8l

= (D = @ % Mode...
= s Faults enabled
Basic | Switches 3
Stress Analysis Enabled
Enable MCU Code debugger

Meters

Select Optimization Target
Select Control Object
Set Analysis Parameters...

o] 3¢ [=] -~ S [2] =]

ectronic | Spice Macros | Gates | Fliy

DC Analysis
AC Analysis

Steady State Solver...
Fourier Analysis

>

>

Digital Step-by-Step
Digital Timing Analyss...
Digital VHDL Simulation...
Mixed VHDL Simulation...

Symbolic Analysis
Noise Analysis...
Optimization

options...

Transient Analysis

x|

Start display ID [s]
End display ]Zu [s]

v OK

X Cancel

(@ Calculate operating point
(" Use initial conditions
(" Zero initial values

ili

? Help

[V Draw excitation

CONV

REF_Current

VG1

VREF

Vin_sh

Vref_error

Convert Start signal

3.30 —
0.00— . .
88.81m — Transient Current into
1 | I, | | I, REFIN Pin
-5.73m — =l : e
2.51 — .
:  ADC Input Signal
2.50
500 — ., .| — T —
11 [ l | REF voltage
4.99
2.51 —
2.50__ /
2.51
. | l Voltage across Cgy
2.36
454.81u — N "
I - 7 -
oo REFIN error Voltage
. T T T T T T T T T T T T T T
200.00n 1|. 10u 2|.00u
Time (s)
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Device Specific VS Discrete Charge Model

Conservative approach to load: Binary Weighted or variable switching
switching MSB load several times per capacitive load, modeling specific device
conversion. topology.

Offers faster simulation results, More accurate results, sometimes at the cost
conservative approach of circuit complexity and slower simulation.

Tends to be more accurate, but slower. May
have convergence issues on complex circuits.
Can be used to verify final circuit.

Robust convergence/ fast simulations
allows easy Reference drive circuit
optimization

Provided by factory, not available on old

Created from datasheet parameters )
devices
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Thanks for your time!
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