TMS320F283x Reference Drive TINA simulation
4x Reference Inputs

1x REFxx30 + 2x OPA2320 (2x OPA2325)
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Important Datasheet Parameters
TMS320F283x 16-B, 1.1-MSPS, Fully-Differential Input ADC

Assume Max Sampling Rate = 1.0-MSPS
Throughput Period: t; ,.=1us
teoc = 31.0 ADCCLK Cycles (from Table 5-47 datasheet) Conversion Time:

Assuming ADCCLK @ 50MHz, t,,,=620ns (max)
ADC Input Equivalent Circuit: Ry / Cy

For differential operation, the ADC input characteristics are given by Table 5-43 and Figure 5-28.
Table 5-43. Differential Input Model Parameters (16-bit Resolution)

DESCRIPTION VALUE
Cp Parasitic input capacitance See Table 5-44
Ron Sampling switch resistance 700 Q
Ch Sampling capacitor 16.5 pF
Re Nominal source impedance 4 50 Q
ADC
R, ADCINxP
ul B VY j—
Cp Switch  Ro | Ch_165pF
ac VSSA¢—o— I Ca é’
o G o AAA |
ADCINxN Switch Rl
Rs

Figure 5-28. Differential Input Model

Table 5-44 lists the parasitic capacitance on each channel. Also, enabling a comparator adds
approximately 1.4 pF of capacitance on positive comparator inputs and 2.5 pF of capacitance on negative
comparator inputs.
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Important Datasheet Parameters
TMS320F283x 16-B, 1.1-MSPS, Fully-Differential Input ADC

VREF = 3V
Fully-Differential Input ADC

Full-scale Range: tVREF = £3V =6V

ADC Resolution / Least Significant Bit (LSB):

<

é 4 . )
Lsp=TREE _2VREE o) 1
2 216
%LSB=45.8uV
\_ ,
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Estimate the worst case REFIN Capacitive Load:

Acquisition Phase

SW1_acq SWkHold
t
.
: o Csh ——
X Vin_dit 1650F | Comparator
SW2_Hold
N
SW2-Acq

L3 Redraw as SE circuit

Acquisition Phase
SW1_acq N

adbe * +
o SW1_Hold
X Vin_difff2 -
’ - Csh T COMP

1
l 16.5pFI

SW1_acq N

Hold Phase

Cmsb|8.25pF

| l_ SW_hold
—== COMP

1 Crest 8.25pF
+ Vin - —

4

MSB bit Decision

{ J_—;b 8.25pF l

T

VREF ——-

i

SW_hold

COMP
+% VREF

Worst VREF Load at MSB Decision:
Cload =C/2 = Csh/4 = 4.125pF

1
SW1_Hold
COMP
Crest
8.25pF

X Vin_diff/2

Cmsb
L]

| NOTE: REFIN Cmsb not always %4 Csh;
ch depends on device Architecture!!
E This is a first order estimate.
O
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Conversion Period and Conversion Clock Timing

Estimate internal ADC Conversion Clock period

tcycle=1000ns >

|
| |
1 |
'N— tconv=620ns —_— —0:
|

: ) tacg="380ns
)

)

| )

)

CONVST /  \ )
)

)

\1

Fsample =1000kHz
le—— Conversion ——s,)

|
|
|
|
: \ - teycl 1
cle =——=1US
susy [ /) T 000kHz
Assume 16 conversion clocks for 16-B ADC as an |
Approximation : tconv =620ns
' ' I
cek Ve [ \d i ¢ 0 Lo 02088 () 38 95,001 40ms

«— ~40ns BIT
teow =teon/Npm  teclk =~38.5ns = ~40ns
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TINA SPICE Equivalent Model
tont. =40ns*8=320ns (mask)

Conversion Clock (CCLK) Resets

4-8 transients (1*Cgy 2*Cgp) t.ox =~40ns (25MHz) CREF to 0V
(Conservative Simulation)
g gne on S | e e 00
N + J__—|_-><+ T -><+
REF  R32m (RHOO T 1 0
> ‘ b AN \ — 1
+ £ =
U1 OPA320S VREF_error §
= 4.125p

¥
V12.999951

224

VCC

VvCC
L
= V333

TINA Simulation File:

TMS320F2837 Discrete Charge Ref Pin Model
VREF=3V16-B

LSB=91uV CMSB = Cs/4=~4.125pF
tEOC = 31 CLKs

tconv=31CLKs @50MHz=620ns (Converggbn Time)
TCCLK =BIT_SW = ~40ns (tcclk) ~
CNTL= 8-40ns=320ns (8 hits per col

BIT_SW

BIT_ R CNTL
+ + +
V_BIT VRESET
V_CNTL

L9

ReferenceDrive_TMS330_opa320_22uF.TSC

CLonp = 1/4 Cgp= 4.125pF

i3 TEXAS INSTRUMENTS




Timing diagram (Approximation)

Assume C, ysg | oap SWitches 8x times During each Conversion:
Total C oap = 2 X Cgy (Conservative Approximation for Margin)

tcycle = 1“3 e i

- t.on = 620Ns - =___’tacq =290ns __, .
CONVST & N |
i
BUSY ,x”f ™. /I/
Assume 16 Internal Conversion Clocks (CCLKs) for 16Bit ADC E
CCLK M_gg______M_ E
— teoik =toamd Mar  top=40ns 18 :
CNTL [ tcc .k=40ns on TINA Model

i ) SaNTE\ n wn
—

tc“['—'q'l:l'rls-

CNTL: SPICE Model Signal, used to mask CCLK
Allow 8x C oap transients (8x CCLKs) per conversion (conservative Estimate)
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Steady state Simulation Results

E‘_!adsss&o,model—se - Schematic Editor
Fie Edit Insert View | Analysis Interactive T&M Tools Help

=lelals|BlE] i_ o . X e
q-L = % Mode.
- (D @ S: Faults enabled ~ } .
Stress Analysis Enabled
Enable MCU Code debugger
Select Optimization Target
Select Control Object

Set Analysis Parameters...

AC Analysis ’ Table of DC resufts
Transient... DC Transfer Characteristic...
Steady State Solver... Temperature Analysis...
Fourier Analysis ]

ERC...

ﬂ” ||I*z

05| Gates |F\p||p JL

Digital Step-by-Step
Digital Timing Analysis...
Digital VHDL Simuiation...
Mixed VHDL Simulation...

Symboiic Analysis

Noise Analysis...
‘Optimization v

Options...

The steady state Reference input to the

includes external reference and
amplifier initial accuracy error.

i

= =
'—
8 o il
VREF SW_CNTL 0 SWBTO @ SW_BIT_R0O @
2999951V Von 5 J Von 5 Von 5
Oyetl Dyt Hupn KEVS-
R1700 0 0 0
. AN
- g | == J__
U1 OPA320S VREF error > 8 BT_SW BT R  CNTL 1
2 + + + 1
CREF 4.125p
vCe "\/1 2.99995 —
V_BIT JVRESET Jv_oNTL  —L

'\I

Set the Reference input source to match
the steady state Reference input.
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Example simulation: transient results
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»
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Transient Analysis |

x|

Start display ID [5]
End display I2u [s]
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 Zeroinitial values
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Transient Current into
REFIN Pin

Voltage on
CREF_Load internal
capacitor

REFIN Pin voltage

REFIN error Voltage

Switch control signal
RESETs Cger voltage

Switch control signal
Conv Clock (CCLK)

CNTL switch signal
(8XCrer Loads per Conv)
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Key Result: Error Sig

Must settle within each
Tconv clock cycle
To less than LSB (91uV)

Check Settling
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OPA2320 Key Result: Error Signal

Check Settling over
many conversions

for droop.

Check Settling

Ll e T ! L )
| E 2 x
! |
o =4 =
I SW_CNTL 0 SWBTO @ SW_BT RO @
Von'5 J Von 5 _'l' Von5 ]
ooyl mexd o
! T T T
| § CREF
IBIT_SW BT R  CNTL 1 ¢
I X X X CREF 4.12!
€322
I V_BIT TVRESET [v_CNTL

50.00u

25.00u

VREF _error 0.00
-25.00u

-50.00u
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-100.00u
5.00

V_BIT
0.00
5.00
V_CNTL
0.00

0.00

Look at droop error over
many conversions

Droop < ~1LSB

50.00u
Time (s)

100.00u
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OPA320 Stability Simulation  mnasimuiation

140.00—
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100 oo{
80.00—|
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©
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Phase Margin 76 degrees
Load = 22uF =360mOhm

Gain:

VFB A:(82.037104k; 4.440892
Phase :

VFB A:(82.037104k; 76.19264

E-16)

)

T T
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LB L L] B B L R B N LR R
100.00 1.00k 10.00k
Frequency (Hz)

T T

100.00k

1.00MEG

T

10.00MEG

D)

opa320_ref_stability_22u_360mOhm_3_25_20.TSC
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1x REFxx30 + 2x OPA2325 Simulations
(Alternative Solution)

i3 TEXAS INSTRUMENTS



Key Result: Error Signal*™ ?ﬂﬂqﬂﬂ"

35247” 100.00u —| 'VREF_error
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Gain (dB)

Phase [deg]

OPA325 Stability Simulation ivasimuation:
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Thanks for your time!



Important notice and disclaimer

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS),
APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND
DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’s products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for
Tl products.
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