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AD8460 DEVICES

110V High Voltage, 1 A High Current,
Arbitrary Waveform Generator with Integrated 14-Bit High Speed DAC
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Figure 1. Simplified Functional Block Diagram
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. ANALOG
Overview
» All LTspice schematics referenced in this presentation are available in the zip folder

AD8460 LTspice.zip

» Keep all files in the same folder and run the LTspice “.asc” files out of that respective folder, if
you want post-simulation plots to be prepopulated with key curves.

» Where LTspice schematics are used in this presentation, the corresponding LTspice “.asc” file is
noted on the schematic figure, in a red box.

» Many of the Fault Detect Circuit Tests are run with Maximum Timestep=10ns, so when zooming in
to measure 400ns type delays, some accuracy can be achieved. For most simulations, by leaving
Maximum Timestep blank, will result in faster simulation times.

» The real IC uses 5000+ transistors, which yield the resultant detailed behaviors and plots,
documented in the datasheet.

» The AD8460 Macromodel was designed to best model the cases listed here, while providing
other case results as close to the datasheet performances as design compromises would allow
for convergence, complexity, and simulation time trade-offs.

» Cload=1nF, Ccomp=0pF
» Cload=22nF, Ccomp=10pF
» Cload=47nF, Ccomp =20pF
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Model Features

AD8460 LTspice Macromodel versus Real IC

Function Real IC LTspice Model

Digital Interface SPI/Parallel Interface Not Modeled

Clock Generator Input SYNC pin Not Modeled

Arbitrary Waveform Generator Mode AWG Mode Not Modeled

Arbitrary Pattern Generation Mode APG Mode Not Modeled

Thermal Monitor TMP pin Not Modeled. No OverTemperature Shutdown.
Thermal Monitor Comp COMP_T pin Not Modeled

DAC

14Bit DAC with INL, DNL

Not Modeled. Ideal DAC as Vdac Voltage scaled for 0 to Full-scale Current Out.

Temperature Effects

Drifts, Gain Errors, etc.

Not Modeled. 25C Typical Specs only.

Fault Detect Thresholds

Register Programmable

External Analog Voltage Programmable

Fault Detect Alarms

Register Read, Latched/Real Time

External Output Pins: 1=Fault, 0=No Fault, Not Latched, Real Time only

SDN_IO Function

Fault Detect Delay/Override

Fault Detect Delay/Override

SDN_RESET Hardware Reset pin Hardware Reset pin
Adjustable Iq Register Programmable Fixed at 1g=22.5mA
DAC FS Adjust Typical Datasheet Specs Typical Datasheet Specs

DAC Reference

Typical Datasheet Specs

Typical Datasheet Specs

Output Offset Voltage

Typical Datasheet Specs

Typical Datasheet Specs

Power Op Amp Zout Enabled/Disabled

Typical Datasheet Curves

Typical Datasheet Curves

Power Op Amp lout versus Vout

Typical Datasheet Curves

Typical Datasheet Curves

Power Op Amp PSRR over Frequency

Typical Datasheet Curves

Typical Datasheet Curves

Power Op Amp CMRR over Frequency

Typical Datasheet Curves

Typical Datasheet Curves

Power Op Amp Vnoise

Typical Datasheet Curves

Typical Datasheet Curves

Power Op Amp Inoise

Typical Datasheet Curves

Typical Datasheet Curves

Harmonic Distortion

Typical Datasheet Curves

Not Modeled

Large Signal/Small Signal Behavior:
Slew Rate
Small Signal Bandwidth
Power Op Amp Overload Recovery Time
Power Op Amp Settling Time

Typical Datasheet Curves:
CL=1nF, Ccomp=0pF
CL=22nF, Ccomp=10pF
CL=47nF, Ccomp=20pF

Typical Datasheet Curves:
CL=1nF, Ccomp=0pF
CL=22nF, Ccomp=10pF
CL=47nF, Ccomp=20pF

Internal Power Dissipation

Datasheet Information

Not Modeled- R&D for Future Model

Thermal Performance
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Datasheet Information

Not Modeled- R&D for Future Model
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ANALOG

Example Circuit Checkout DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 Example Circuit
For LTspice User Guide - AD8460 Model go to:

! External Comp Caps:

https://wiki.analog.com/resources/quick-start =
£ i Ccomp_H must equal Ccomp_L
tran 3 VCC 5V 5 — N\ HVCC i Must enter Ccomp value in:
[TeTTTeTeTeTemsmsmsmsasssssssssssososssssssssssososes ' +/5 & +./ 50 i .param Ccomp= value :
—VvpAC : VDAC & Trimmed Gain (Rterm=50ohms): | R
EVDAC Code IOUTP IOUTN Gain OUT .param Ccomp:[]p
iV 0 0 IoutFS 40 -40V! —H -
1 ! & ﬂ al & Ccomp={Ccomp}
i+1V 16383 IoutFS 0 40 +40V: gl £ ofn
- g2 — Ccomp_H {Ccomp}
! voac bAC out
ettt 1 SDN_IO—__ |
; SDN_IO and SDN_RESET ! SDN_RESET—— | mnese |_| . L rc RL
i Function per datasheet '\ OC SRC LIMIT R comp_L {Ccomp} 10k
i SDN_RESET high>1.65V, low<1.65V: OC_SNK_LIMIT DSE&IIE:OI% bC SRC_ALARM
--------------------------------------------- OV_POS_LIMIT—]ovrossomr E i _ 2 | OC_SNK_ALARM
G OPN-RESET oy NEG_LIMIT——oeenr  { H o | |_ov_pos_ALaRM
- - 1 OV_NEG_ALARM
R4 """""""""""""""""""""""""""""""""" ] C1 INFi % """"""" "~ """"":"': """""""" _‘ """""""""""""""""" nl
+ 10k i LIMIT set by applying DC Voltage Source to LIMIT | T = L ALARM high (1V) indicates FAULT is present ;
- i Any LIMIT left open will not cause an ALARM ; 0.1p Rset 2 ALARM low (0V) indicates NO FAULT is present ;
VDAC . K & ALARMs are not latched and indicate real time FAULT/NO FAULT
PWL(0-11-11.0010202.001131) 50
L
< egAD8460.asc
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Example Circuit Checkout
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AHEAD OF WHAT'S POSSIBLE™

18.548mV
18.544mV=
18.540mV=
18.536mV=
18.532mV=
18.528mV=

.............................................

.............................................

---------------------------------------------

_____________________________________________

1'.."[sdn=io]

..............................................

-----------------------------------------------

..............................................

..............................................

----------------------------------------------

______________________________________________

t0-t3: No Faults created. V(SDN_IO) = 0V.

18.524mV-
18.520mV=
18.516mV-
18.512mV-
18.508mV-
18.504mV

.............................................

---------------------------------------------

_____________________________________________

..............................................

----------------------------------------------

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

..............................................

----------------------------------------------

______________________________________________

48V

40V=
32V=
24V=
16V=
8V
oV
-8V
-16V=
-24V=
-32V=
-40V

—————————————————————————————————————————————

_____________________________________________

_________________________________________

.............................................

—————————————————————————————————————————————

.............................................

———————————————————————————————————————————————

—————————————————————————————————————————

——————————————————————————————————————————————

..............................................

-48V

.............................................

______________________________________________

——————————————————————————————————————————————

..............................................

——————————————————————————————————————————————

..............................................

..............................................

t0-t1: V(OUT) = VDAC *40 = -1V*40 = -40V
t1-t2: V(OUT) = VDAC *0 = 0V*40 = 0V
t2-t3: V(OUT) = VDAC *40 = +1V*40 = +40V

..............................................

——————————————————————————————————————————————

...............................................

..............................................

t0-t1: V(VDAC) = -1V = 0 LSB
t1-t2: V(VDAC) = OV = 8191.5LSB
t2-t3: V(VDAC) = +1V = 16383 LSB
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ANALOG

Typical Application Ld oevices

- - - - - i External Comp Caps:
AD8460 Typical Application Circuit z N4 | Ccomp._H must equal Ccomp_L
tran 0 12u 0 0.1u —\ VCC 5V ] HVCC i Must enter Ccomp value in:
+/5 & +/ 55 i .param Ccomp= value
_ INN] 50 " .param Ccomp=0p
PULSE(-1 1 0.5u 5n 5n 2u 4u) 4 I - gl : 8| Ccomp={Ccomp}
VdacIN VDAC VDAC—— 1 = g = Ccomp_H {Ccomp}
@‘_T_ . U1 \\L COMP_H '_|
R1 voac DAC > AD8460 ) /r . or| OUT
10'( SDN IG SDN_IO /s / COMP_L
— SDN_RESET Son_ResET e |—| CL
B $ OC_SRC_LIMIT S %I OC_SRC_ALARM Ccomp_L {Ccomp} T
--------------------------------------------------------------------- DC_SHK_LIMIT > SENG% % ' DC_SHK_ALARM <71 n
VDAC & Trimmed Gain (Rterm=50o0hms): P — §I i =t O e e
i VDAC Code IOUTP IOUTN Gain OUT ov_nee v gl 3 El o 5 2 T
-1V 0 0 IoutFS 40 -40V - "_”. - -
i +1V 16383 IoutFS 0 40 +40V C1 INP E HVEE
P T = +
0.1u Rset .~ £ C)
£ —
| 4 . = % AD8460_Typical App.asc
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Typical Application EVICES

AHEAD OF WHAT'S POSSIBLE™

1.0 : : ; ; : th =

e S ———

. . . . .
ST SRR RS SR J N . A
e 1 1 1 1

(OPITE SSRGS NS S -

00 H H H B H
0.0V =] s = e S T e

: ! ! ; ; ; ; | ; ! ; For V(vdac) input = +/-1V, expect V(out) to be +/-40V.
AT AP N - - -

o
AT DU O FIR I deeeieaes RN R e [
0.4V= : ! ! ! ! :

0.8V=

1.0V
48V

40V=

32v=
24V=
16V=

8V

ov+
8V=
-16V=
-24V/=
-32V=

-40V:

-48V T T T T T T T T T . T
Ous 1us 2us 3us 4us Sus Bus Tus 8us 9us 10ps 11us
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ANALOG

Typical Application L bevices
SPECIFICATIONS

Table 1. Electrical Characteristics

(HVCC =+50V, HVEE=-50V, IHVCC =+ 22.5 mA, IHVEE =- 22.5 mA, VCC_5V=+5V, VREF_5V=+5V, VREF_1P2V =
+1.2 V, RTERM =50 .Q, RSET to FS_ADJ =2 k.Q, COM F”'_Lj COM P_H =0 pF, CLDAD =1 nF, Tc =30°C ; Unless Otherwise
Noted.)

PARAMETER SYMBOL | CONDITIONS/COMMENTS | MIN | TYP | MAX | UNITS

DYNAMIC PERFORMANCE

Small Signal Bandwidth f3db Vour =.D'1 Vp-p, T,=85°C. 4.3 MHz
See Figure 44.
Large Signal Bandwidth? Vour =80V p-p. See Figure 41. 1 MHz
SRrise Vour =80V p-p. See Figure 8. 2100 V/us
Slew Rate, 20% to 80%
SReawL Vour =80V p-p. See Figure 9. 1800 V/us

n

©2023 Analog Devices, Inc. All rights reserved.



_ . . . ANALOG
ypical Application
Slew Rate Measure Points (20% to 80%)
VoutP=+40V
VoutM=-40V

Vout_step=VoutP-VoutM
Vout_step=+40V-(-40V)=80V
Vout_mid=(VoutP+VoutM)/2
Vout_mid=(+40V+-40V))/2=0V

20% to 80% Slew Rate Measure = 60%(Vout_step)
SR_meas=0.6*80V=48V

SR_measP=Vout_mid + 1/2(SR_meas)
SR_measP=0+1/2(48V)=+24V
SR_measM=Vout_mid - 1/2(SR_meas)
SR_measM=0- 1/2(48V)=-24V

©2023 Analog Devices, Inc. All rights reserved.
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Typical Application ANALOG

AHEAD OF WHAT'S POSSIBLE™

: , : . V(out) | Viout)
SR+ =2.09666E9V/s *(1E-6/1E-6)=+2096.66V/us | .~ e N L A | |

= = —— g ; ; SR- =-1.72449E9V/s *(1E-6/1E-6)=- 1724.49V/us
Datasheet SR+ =+2100V/us | ... I A IS N SRR OSSR OO SO, S s s - -

: : : T | 2 2;; . | Datasheet SR- =-1800V/us

SR_measP | . | SR_measP
[£ AD2460_Typical App.raw > - [51 AD2460_Typical App.raw B . T - S
Cursor 1 Cursor 1
Viout) Viout)
Horz:| 516.91176ns Vert:| -24.201897v | f Horz: | 2.5502753us Vert:| -23.849134V oo ER. R [ (R
Cursar 2 Cursar 2 i i .
Viout} Viout)
41 Horz: | 540ns Vert:|  24.206374V |- - Horz:|  2.5225517ps Vert:|  23.06001V B T S T T T e T LE S RIE
Diff (Cursor2 - Cursor1) Diff (Cursor? - Cursor1) - H H H H H
Hor:| 23.088235ns _Vet[ 48408271V Horz: [ -27.724138ns :
Frea:| 43.312102MHz | Slope:| 2.09666e+00 || | Frea:| 36.069652MHz m * R """"""""" """""""""" """"""""""

_________________________________________________________

___________________________________________________________

13
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ANALOG

Typical Application DEVICES

AHEAD OF WHAT'S POSSIBLE™

Use LTspice “.step” directive to change Ccomp to compare different values to datasheet curves for Large Signal Transient Responses.
' N - " | External Comp Caps: :
AD8460 Typical Application Circuit - Step z < . Ccomp_H must equal Ccomp_L
.tran 0 12u 0 0.1u (‘) VCC_5V E C‘) HVCC i Must enter Ccomp value in:
.step param Ccomp list OpF 3pF 10pF +/ 3 & T/ 55 parachomp=vaIue __________________
50 =
i INN .param Ccomp=0p
PULSE(-1 1 0.5u 5n 5n 2u 4u) : | §I §I E gl Ccomp={Ccomp}
VdacIN #—VDAC VDAC— 1 g8 [0 | y-foee Ccomp_H {Ccomp}
Gavmol—y* weal
R1 Ui —~ ouT
10k§ Heas DAC AD8460 s o
SDN IO SDN_IO . DL
—~ SDN RESET SON_RESET o) | e CL
- $ OC_SRC_LIMIT m m v OC_SRC_ALARM I_l Ccomp—L {Ccomp} T
N - ANALOG - 1n
:’ """"""""""""""""""""""""""""""""""""" 1 OC_SHK_LIMIT DEV'CES 0 OC_SNK_ALARM \/
i VDAC & Trimmed Gain (Rterm=50ohms): ! - g - ov_poS_ALARN
i VDAC Code IOUTP IOUTN Gain OUT P g g H oy 5 .
i -1V 0 0 IoutFS 40 -40V —— _. - =
i +1V 16383 IoutFS 0 40 +40V Ci| INP E HVEE
0.1p §Rset § g C_)
2k -55
50 :
= " S % AD8460 Typical App Step.asc

©2023 Analog Devices, Inc. All rights reserved. 14



ANALOG

Easy Compare Datasheet Curves to LTspice Plots ADEVCES

Stepl: Use Windows “Snipping Tool” to Step2: Run LTspice and in top “Toolbar” select “Window>Tile Vertically” Step3: Scale X and Y axis in LTspice
copy and past Datasheet Curve into on one monitor screen. This will give the best image resolution for copy Plot Window to match Datasheet
PowerPoint. and paste. Curve axes.
50 - == _ =] Viout)
40 ¥ AsL_ j ;
ot Vg = #55V IS 3 7 <~
30 S — : 7 :
€L oap = InF i ; ‘ //
_ 10 .An:::nl'v::dhu[hlhn Circuit - Step e E I ?w\:( ; ;
2': 0 / (éa" 5” (5“’- i /
~ o I TR o ‘ ‘ | /
| e e j / : :
A0 o : | /
-30 —c = NONE | O / i /
COMP = Ed |
40 fopey ~ Ccowmp =3pF i i |
— Ccomp = 10pF : l
_50 I I L i
TIME (250ns/DIV) g
Figure 8. Large Signal Pulse Response vs. Cioa and Ccomr,
Rising Edge, Croao =1 nF

15
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ANALOG

Easy Compare Datasheet Curves to LTspice Plots DEVICES

AHEAD OF WHAT'S POSSIBLE™

Step4: Use Windows “Snipping Tool” to Step5: Now need to make the LTspice Plot “transparent” so can see and compare the Datasheet Curve
copy and paste LTspice PLot into behind it. Select the LTspice Plot image, right click on it and select “Format Picture”. On the “Picture
PowerPoint. Bring the LTspice Plot to the Transparency” slider adjust the slider to see both the Datasheet Curve and LTspice Plot. Here 35% was
front. used. Place the LTspice Plot image, by selecting it and holding down left mouse button and moving to align
with Datasheet Curve graticules as shown here. Can use up/down and left/right arrows on keyboard for
50 fine movements. Use the dots on left/right side and top/bottom to resize the image.
40 il e
30 MM Ve =355V | 5 T
2 // Sroo =TT Format Picture vooX ol S
Viou) . ‘./
el I N AV s i
[\//‘r/“/' > Picture Corrections o / / 77777777777777777777777777777777777777777777777777777
/ > Picture Color 2 /
/ » Picture Transparency - 1povg———f— R Rt e IS s s
/ Presets B2 - 3'_ 7777777777777777777777 / 77777777777777777777777777777777777777777777777777777
/ Transparency bH—— 0% - :§ /
I > Crop mt A I / R

B ] L e | A e A i Sty SREL L L, e
I I 1 O e S s Bo /1L
Direct compare of / 5
Datasheet Curve to L
LTspice Plot TIME (250ns/DIV) 8

Figure 8. Large Signal Pulse Response vs. Cioa and Ccoup,
Rising Edge, Croao =1 nF

©2023 Analog Devices, Inc. All rights reserved.
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AHEAD OF WHAT'S POSSIBLE™

30

40

30

(X1
[=]

Vourt (V)
=]

plication

,,,,,,,,,,,,,, L Ng=*55V
i Cﬁ.DAD = 1nF

| Ccor§1P=N§3NE
77777777777777 chmp=3p'=
| - Ccomp = 10pF

TIME (250ns/DIV)

» AD8460 LTspice Plot comparison with
Datasheet Curves for Large Signal Pulse
Response.

» Model was designed for Ccomp = NONE,
Cload = 1nF.

» Step response changes with different
Ccomp. Not an exact match, but a close
trend to Real IC, given model trade-offs.

108

Figure 8. Large Signal Pulse Response vs. Croao and Ccowr,
Rising Edge, Cioap =1 NF

©2023 Analog Devices, Inc. All rights reserved.
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ANALOG

AHEAD OF WHAT'S POSSIBLE™

Typical Application DEVICES

; | ; ; ; ; T T » AD8460 LTspice Plot comparison with
4 T e e e S Datasheet Curves for Large Signal Pulse
b N Response.
) » Model was designed for Ccomp = NONE,
/..t RS B | T W [ S S S S ) —
Cload =1nF.
" 16 TR SSRGS || DRI YA SRR SRS HOS S S — SR S—
> » Step response changes with different
'g i Wy T T """"""" Ccomp. Not an exact match, but a close
= ----------- ------------ -------------- -------------- -------------- -------------- -------------- -------------- trend to Real IC, given model trade-offs.
b M NN = CcompzNONE
Ccomp = 3pF
B | T N N st C....:..‘..E,}p..;...].':p.E ........
-4 E
-50

109

TIME (250ns/DIV)

Figure 9. Falling Edge - Large Signal Pulse Response vs.
Croap and Ccomp, Falling Edge, Croao =1 nF

©2023 Analog Devices, Inc. All rights reserved.
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OverCurrent Source Fault Test DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 OverCurrent Source Detect Test
ran03m 0 10n fm i mmmmmmmmmmemmm o mmmmmmenn .
i External Comp Caps: i
SINE(0 11k 00 0) - <7 { Ccomp_H must equal Ccomp_L |
VdacIN VDAC HVCC i Must enter Ccomp value in: i
R1 +/ 55 | param Ccomp=value ,i
10k .param Ccomp=0p
g| Ccomp={Ccomp}
____________________________________________________________ VDAC— Coeh '_| Ccomp_H {Ccomp}
VDAC & Trimmed Gain (Rterm=500hms): _\\j\ . ouT
{VDAC Code IOUTP IOUTN Gain OUT | SDN IO e T o
i-1v 0 0 IoutFS 40 -40V | DN REF— snto T cone s L] RL
P +1V 16383 IoutFS 0 40 +40V - h 0.6k 1 Ccomp_L {Ccomp}
OC_SRC_LIMIT—occ.see.ummr ANALG e SR ALARM 39
|; §0C_SNK_LIMIT N DEVICES (OC_SNK_ALARM I
z = floV_POS_LIMIT g lov_pos_aLARM I
W -
:I ﬁ fOV_NEG_LIMIT E( ; %i %P g gf:.li; OV_NEG_ALARME
o
gl EI Ci| | InP % |_HVEE
O )] . -
© V2 0-1v Rset .~ & (—)
V1 2k -55
50
1 PULSE(O 3.3 405u 1n 1n 1u 996u) o <l7 AD8460_OC SRC Test.asc

©2023 Analog Devices, Inc. All rights reserved. 20



Overcurrent SOUI’Ce Fau|t TeSt t0: I(RL) — V(OC_SRC_LIMIT) = 0 > OC_SRC trip ANALOG

DEVICES
I(RI)-V(oc_src_limit)

AHEAD OF WHAT POSSIBLE™

t0: (V(VDAC)*40)/39 > V(OC_SRC_LIMIT) = OC_SRC trip

B T i e - . —

———————————————————————————————————————————————————————————

t0: V(SDN_RESET) is set at OV (Logic Low)

1.2V V(oc_src_limit)

t0: V(OC_SRC_ALARM) goes high due to OC_SRC trip and then

g-gg’ drops back to zero when amp is disabled, OC_SRC fault is gone
0.6V

1.2V t0: V(SDN_10) goes high due to OC_SRC trip

3.3V . . . . . .

f:ﬁ' o | P t0: I(RL) drops to zero as amp shuts off due to OC_SRC trip
0.6V~ i i i - O USRS SR ESSS S

0.3V : : : } : : : : t0: V(OUT) drops to zero as amp shuts off due to OC_SRC trip
1.0V . . . ) . . . .

05 L S S S | ISUR SNU S W W S N t1: I(RL) - V(OC_SRC_LIMIT) # 0 > No OC_SRC Fault

0.0V t1: (V(Vdac)*40)/39 < V(OC_SRC_LIMIT) > No OC _SRC Fault
5.5V

: : : . : : SDN_IO with External Float:
2.8V= : : f  ESStERT EE FESREI R OV = No Fault Detected

t1: V(SDN_RESET) is pulsed from low to high (Logic high > 1.65V)

5V = Fault Detected

tl: V(SDN_10) is set to low and power amp is enabled

0.0V
1.2A
0.6A=--
0.0A=
-0.6A=
-1.2A
40V:

t1: V(OC_SRC_ALARM) stays at zero as no OC_SRC Fault

t1: I(RL) returns to V(OUT)/RL

t1: V(OUT) returns to V(VDAC)*40

t2: Fault condition repeats — check over many cycles

21



OverCurrent Source Fault Test Zoom-in1 SDN_I0 with External Float:

OV = No Fault Detected
5V = Fault Detected

[ TR V{oc_src_limit), |

02'&‘ o o o
B == i ek i . A A — ) .
7 U SRRSO SRS SR S I(RL) — V(OC_SRC_LIMIT) at OA gives us the trip point
Bas R e oo . o time due to OverCurrent Source Fault at Cursor 1.
2.2 : - > = e '

1.5\ :[V[vda::] 40)/39 V[ocTsrc_Ilmlt]

Y I E— _—— _—_—_—_—
1.5V 3

3.6\ : v V[sdn=resit]

o e e
-0.4V: ' T\?’(B&"é’r’é"él’éhﬁ']‘: ' ' V(OC_SRC_ALARM) goes high at Cursor 2, when I(RL) goes

oV ' : ' ' above V(OC_SRC_LIMIT) threshold, at Cursor 1, after an

ooV V(sdn io]l

6.0V : T — Diff (Cursor2-Cursorl) delta gives us the delay from an

o ; : : : ; OverCurrent Source Fault and V(OC_SRC_ALARM) going high

) | Should be 400ns

0.0 : Cl e R ———

15}: . I(RI)

o : : & AD8460_TG OC SRC Test.raw ¥

oond - : s L L _— As close to OA

' | i | l(RIMVioc _sre._imit) <«—F— | as possible.
1.5 ’ : o : ’ ’ Horz:| 1.21p3800ms  Ver:| -2.1307346uA

out
50V - : Cursar 2
i : : i : - Vioc_src_alam) < As close to 500mV
SA R eeemen s - S orsnn s R Hoz:| 1.21p7862ms __ Ver:| 472.7176mV as possible.
: : s : ' Oiff (Cursor? - Cursor1)
-60V : : , ,
1.2126ms 1.2130ms 1.2134ms 1.2138ms 1.2142ms 1.2146ms Hoz:| 3962573ins | Vet:| 472.71974m
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OverCurrent Source Fault Test

Zoom-in2

I(RI)-V{oc_src_limit)

0.2A

T S S S S

-1.0A:

T R T DR e -

-2.2A

1.5V:

-1.5V

3.6V

1.6y

e R i e e

S S S S — S S S

-0.4V

1.0V

YA U S S S S —————————_—

0.0V:

6.0V:

YA EORRNN S S——— SRS W U—— —

0.0V:

1.5A

0.0A

-1.5A

50V

-5V e e

60V
1.40095ms

©2023 Analog Devices, Inc. All rights reserved.

L]
1.40105ms

L]
1.40115ms

L]
1.40125ms

|
1.40135ms

1.40145ms

SDN_IO with External Float: SEOII&OE(S;
OV = NO FaUIt DeteCted AHEAD OF WHAT'S POSSIBLE™
5V = Fault Detected

V(SDN_RESET) is pulsed high at Cursor 1

V(OUT) is enabled at Cursor 2

Diff (Cursor2-Cursorl) delta gives us the delay from
V(SDN_RESET) going high to V(OUT) enabled.

Should be 410ns

¥ AD2460_TG OC SRC Test.raw

As close to 1.65V

as possible.

As close to just > 0V

Cursar 1 Vid }

n_reset

4

Horz:| 1.4010406ms  Vert:| 1.9857768V
Cursor 2

Viout) <
Hoz:| 1.4014109ms  |Vet:| 7.5255089v
Diff (Cursor2 - Cursar1)
Horz:| 410.27855ns Vert:|  5.5397321V

as possible.
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OverCurrent Sink Fault Test DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 OverCurrent Sink Detect Test
dran03m 0 10n

- i External Comp Caps: ;
SINE(0 1 1k 0 0 0) g £ %7 { Ccomp_H must equal Ccomp_L
VdacIN VDAC —\ vce_sv 7 ~—\ HvCC { Must enter Ccomp value in: ;
R1 +/5 x +/ 55 | param Ccomp=valve .|
10k .param Ccomp=0p
Ccomp={Ccomp}
_____________________________________________________________ VDAC— ,_| Ccomp_H {Ccomp}
EVDAC & Trimmed Gain (Rterm=500hms): — ouT
‘VDAC Code IOUTP IOUTN Gain OUT i SDN IO S =
H ! L COMP L
-1V 0 0 IoutFS 40 -40V ; SDN RESET T RL
§+1V 16383 IOUtFS o 40 +4ov i - HoC_SRC_LIMIT JOC_SRC_ALARMEG Ccomp_l- {Ccomp} 39
h OC_SNK_LIMIT— OC_SNK_LIMIT | jOC_SNK_ALARM OC_SNK_ALARM
z OV_POS_LIMIT g - oV_POS_ALARM
5 E iw NEG_LIMIT E . g Fault ov_nes Amnni
¥| g Losi g e 2 e sl
& z ¢l | E | HVEE
@) 7] 0.1p a ()
Vi 2k -55
50
PULSE(0 3.3 900u 1n 1n 1u 980u) u
-1 < AD8460_OC SNK Test.asc

©2023 Analog Devices, Inc. All rights reserved.
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OverCurrent Sink Fault Test ANALOG

on | | |IR|}-VI0=_ISLR_"FQ“] | | | | t0: I(RL) — V(OC_SNK_LIMIT) =0 - OC_SNK trip AHEADOREXI&E&M
168 T I S i S L I S S s U t0: (V(VDAC)*40)/39 < V(OC_SNK_LIMIT) = OC_SNK trip

Vol deal Viowt) L TRu=390hms [N L7 TN LA _ _

0.2A : - : j ] . . t0: V(SDN_RESET) is set at OV (Logic Low)

Loy (V(vddc) 40)/49 | | L Vioc_snk_limit) |

0.6V - gt I | | ____________ P . S S t0: V(OC_SNK_ALARM) goes high due to OC_SNK trip and then
0.0V : : : ' : ’ ! ’ drops back to zero when amp is disabled, OC_SNK fault is gone
0.6V

1.2V
3.3V
2.4V=

t0: V(SDN_10) goes high due to OC_SNK trip

1 5V t0|t1 S S t2| __________________________________________________________ t0: I(RL) drops to zero as amp shuts off due to OC_SNK trip
T e e e e e
-0.3V- i V(OC_Snk_alarm' t0: V(OUT) drops to zero as amp shuts off due to OC_SNK trip
------------------------------------------ | I t1: I(RL) — V(OC_SNK_LIMIT) # 0 > No OC_SNK Fault
I : SDN_IO with External Float: | |
. | Visan ol 1 OV = No Fault Detected t1: (V(Vdac)*40)/39 > V(OC_SNK_LIMIT) > No OC _SNK Fault
' i i i : 5V = Fault Detected
PRIV NSO SUUUSRRNNE SUONY NSNS NSNS SUSNPNPRRAIS IS SOULIN SNSRI o [SESSSS, IS t1: V(SDN_RESET) is pulsed from low to high (Logic high > 1.65V)
0.0V : : : III:?I} : : : : : t1: V(SDN_IO) is set to low and power amp is enabled
1.2A o . . . : : .
\ D . : o : : :
S it T e S s N A G S t1: V(OC_SNK_ALARM) stays at zero as no OC_SNK Fault
T R S N S A S N e N
Pl I T e I TN i S t1: I(RL) returns to V(OUT)/RL
Loy P Viout) |
; o ; i | § t1: V(OUT) returns to V(VDAC)*40
T N - e e e el
40V : b : : : : : t2: Fault condition repeats — check over many cycles
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 21ms 2.4ms 2.7ms 3.0ms

©2023 Analog Devices, Inc. All rights reserved. 25



Zoom-inl ANALOG
OverCurrent Sink Fault Test ANALOG
'2 on :I[RI}-VIoc_snk_Iimit}i AHEAD OF WHAT'S POSSIBLE™
P S e S R s A D A I(RL) — V(OC_SNK_LIMIT) at OA gives us the trip point
TI17.7% S S S 1 ------------- time due to OverCurrent Sink Fault at Cursor 1.
e e E— e e
?:f (V{vdac)"40)/39 V{oc_snk_limit)
' . ' ' SDN_IO with External Float:
0.0V e S SRS - S SRS AR AR SRR A 0V = No Fault Detected
: : D i : : : : 5V = Fault Detected
1.5V :
3.6V V[sdnﬁreset]
B .- --L
0.4V : : = sSS = | | : V(OC_SNK_ALARM) goes high at Cursor 2, when
V(oc_snk_alarm):
1.0V : : — : : : : : I(RL) goes below V(OC_SNK_LIMIT) threshold, at
. ' ' D § § ' ' ' ' Cursor 1, after an internal programmed delay.
0.5\V= e R s
2 a
o I V[sdﬁ io)
6.0V — Diff (Cursor2-Cursorl) delta gives us the delay from an
sovd L o S i L o L L L OverCurrent Sink Fault and V(OC_SNK_ALARM) going high
' E E 2 L E § E : E : Should be 400ns
0.0V IIII?I}
1.5A : : = — : : : : : [ AD2460_TG OC SMK Test.raw X
| | | i | | | | | Cursor 1 As close to 0A
el S A S I{RI}Vioe_snk_limit) ) _L— as possible.
e : : = — : ' ; ; ; Horz:| 713J55267us Vert:|  -2.54973pA
L V(out) Cursor 2
oo | | : 3 | | | | | = Vioc_snk_alamm) < As close to 500mV
7 S — ______________ ___________ AR W— TN S S— Horz:|  714|0520ps Vert:[ 479.30314m\} as possible.
; ; i s ; ; ; ; ; Diff {Cursor? - Cursor)
-50V~ T T = . T T T T T Horz:| 400.23202ns | Vert:| 479.30569m
7128ps T7T13.1ps 713.4ps 713.7ps T14.0ps T7143ps 714.6ps 714.9us 715.2ps  715.5ps  715.8ps

©2023 Analog Devices, Inc. All rights reserved. 26



OverCurrent Sink Fault Test

Zoom-in2 ANALOG

2.2A : : : : ItRI}-‘?ﬂoc&k_:llmlt} : : bt :
T R S R S S SR S S
1.0A : : : : : : : : o S
e e e e — A
-0.2A . ' ' ' ' ' ' ' T '
1.5V (V(vdac)*40)/39 V({oc_snk_limit)
0.0V e ST T Y St v
1.5V -
3.6V :
e T
1 ; ; ; : ; : : : ;
-0.4V: : : =
1.0V V(olc_snk_alalrm] :
0.5V B ..
0.0V ' ' 5
6.0V :V(sdn=io] : .
30V S it v A R
0.0V =
1.5A IR z
0.0A: e
1.5 =
60V T -
v S E S VO AN SR A SO S
lllllllllllll:;llllllllllll:lllllllllllll:lllllllllllll:lllllllllllll:lllllllllllll:llllllllllllr:llllllllllllr:lllllllllllll:llE
'50\" | | | | L] L} L] L] II = II
899.95us 900.00ps 900.05ps 900.10ps 900.15ps 900.20ps 900.25ps 900.30ps 900.35ps 900.40ps 900.45ps

©2023 Analog Devices, Inc. All rights reserved.

DEVICES

AHEAD OF WHAT'S POSSIBLE™

SDN_IO with External Float:
0V = No Fault Detected
5V = Fault Detected

V(SDN_RESET) is pulsed high at Cursor 1

V(OUT) is enabled at Cursor 2

Diff (Cursor2-Cursorl) delta gives us the delay from
V(SDN_RESET) going high to V(OUT) enabled.

Should be 410ns
[T AD8460_TG OC SNK Test.raw ¥
Cursor 1 As close to 1.65V
Wigdn_reset) — b|
Horz:|  900.00p7ps Vet:|  2.310385v as PossIDie.
Cursor 2 .
Viout) < As close to just < OV
Horz:| 000.41144)s Ver:| -1B.694466V as possible.
Oiff (Cursar? - Cursor1)
Horz:| 410.73512ns Vert:| -21.004851V
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ANALOG

OverVoltage Positive Fault Test DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 OverVoltage Positive Detect Test
dran 03m010n e

> <7 r External Comp Caps:
SINE(011k000) ) £ i Ccomp_H must equal Ccomp_L
VdacIN VDAC —\ vce_sv 5 HVCC ! Must enter Ccomp value in: i
R1 1/ 5 & +/ 55 .param Ccomp= value
INNLSO | eomn. —on
10k — - .param Ccomp=0p
3 :i 2 gl E H g  ccomp={Ccomp}
e N N . VDAC—— _1_* §s e — Ccomp_H {Ccomp}
VDAC & Trimmed Gain (Rterm=500hms): - U1l [ ouUT
i VDAC Code IOUTP IOUTN Gain OUT SDN IO DAC E AD8460 R
' : e
-1V 0 0 IoutFS 40 -40V | SDN RESET o d Ly RL
{+1V 16383 IoutFS 0 40 +40V | - 1 Ccomp_L {Ccomp} >0,
:--------------------------------------:----------------J 0 OC_SMK_LIMIT EEEAGI%
S . OV_POS_LIMIT—|omwm 3 — OV_POS_ALARM
: m  OV_NEG_LIMIT E ;' E ] 2 g
| g H 8l & G E
0
8 z cl| | InP| T
| a - = -
> ) ]
Vi 2k -55
50
PULSE(O 3.3 405u 1n 1n 1u 996u) i <l7
39 AD8460 OV POS Test.asc
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OverVoItage Positive Fault Test

........................

V[out] 39

.......................................................

t0: V(OUT)-39 = 0 > OV_POS trip BE\%IE:%(S;

AHEAD OF WHAT'S POSSIBLE™

t0: (V(DAC)*40) > V(OV_POS_LIMIT) = OV_POS trip

t0: V(SDN_RESET) is set at OV (Logic Low)

-0.4mA=

40V IV[vdac]"d.Ol V[Iov_pos_lin{it]
oV N N t0: V(OV_POS_ALARM) goes high due to OV_POS trip and then
l : drops back to zero when amp is disabled, OV_POS fault is gone
f | i
s - —Uizan, reser £0: V(SDN_IO) goes high due to OV_POS tri
2.4v-----t 0|t1 S B oo l-tZ-- --------------------------------------------------------------------- i —-'8 8 = P
1.5V oo e e Y O S S H—H— S
(Y TR S [ — R — A I SN A N N Y O S ——— t0: I(RL) drops to zero as amp shuts off due to OV_POS trip
-0'3\': | ' V(ov_pos_alarm) -
1.0V | : t0: V(OUT) drops to zero as amp shuts off due to OV_POS trip
&aﬁ.""""."p""""""v""""""""""""".."""""; .....................................................................
| 5 t1: V(OUT)-39 # 0 = No OV_POS Fault
0.0V '
5.5V | S0 SDN_IO with External Float: |1 | t1: (V(Vdac)*40) < V(OV_POS_LIMIT) = No OV _POS Fault
0V = No Fault Detected
e A I il E S S I I A E 5V = Fault Detected t1: V(SDN_RESET) is pulsed from low to high (Logic high > 1.65V)
0.0V | | ' : :
4.0mA tl: V(SDN_10) is set to low and power amp is enabled

tl: V(OV_POS_ALARM) stays at zero as no OV_POS Fault

4.8mA i
|

t1: I(RL) returns to V(OUT)/RL

40V-

t1: V(OUT) returns to V(DAC)*40

-4\/=
) |
'43\" | | | | | | | ] | | | | | | | |
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 2.4ms 2.7ms

3.0ms

©2023 Analog Devices, Inc. All rights reserved.

t2: Fault condition repeats — check over many cycles
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_ - ANALOG
OverVoItage Positive Fault Test Zoom-inl DEVICES
T AHEAD OF WHAT'S POSSIBLE™
V(out)-39:
| 1: | g | | V(OUT)-39 = 0 at OA gives us the trip point time
"""""""" * """""""""""" due to OverVoltage Positive Fault at Cursor 1.
40V V[vdac]*d-:ﬂ : V(ov_pos_limit) .
; : : : : SDN_IO with External Float:
v I e 0V = No Fault Detected
A0V ' : 5 ' : ' 5V = Fault Detected
4.0V V[sdn?reset]
it i R R
0'0\": : - : V(ov_pos_alarm): : - : V(OV_POS_ALARM) goes hlgh at Cursor 2, when V(OUT) goes
oV | = 5 | 2 | ; above V(OV_POS_LIMIT) threshold, at Cursor 1, after an internal
0. 5'\."- llllllllllllllllllllllllllllllllllllllllllllll [l IF llllllllllllllllllllllllllllllll é llllllllllll L _l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l15!_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_li lllllllllllllllllllllllll E:-‘ llllllllllllllllll [l IF _____________________________________________ programmed delay_
gg: | - I V{sd;1=io] I |
' ; : : ; : ; Diff (Cursor2-Cursorl) delta gives us the delay from an
X1 EO N S JRSE SO SOOIt SUSRUNUNE SO (SO SO OverVoltage Positive Fault and V(OV_POS_ALARM) going high
| : i | : | Should be 400ns
0.0V :
. I(RI)
oma ; — ; ; : ; ¥ ADB460_TG OV POS Test.raw X
- | 2 s | : | Cursor 1 As close to OV
L R oo e S oo —— .
e P e e P Viout}39 - as possible.
-6mA : — T : : : Horz:| 213.18p72ys Vert:| 70.933331pV
50V : z : . . : . Cursar 2 As cl
| 2 ; | | Viov_pos_dam) < s close to 500mV
B [ """"""""" """ * """"" """""""""""" Horz:| 213.57883us vet:|  sg7.8s12mv| || @S possible.
60V . : . | | : | Diff {Cursor? - Cursor)
212.94ps 213.08ps 213.22ps 213.36ps 213.50ps 213.64ps 213.78us | Hom: 398.11168ns Vert:| 587.78026mV
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OverVoltage Positive Fault Test Zoom-in2 ANALOG

V(out)-39
9V l: :] T AHEAD OF WHAT'S POSSIBLE™
sov—i 5 5 5 5 SRR O SO SR SE—
81V = | - 1 1 1 | H 1 : I. |
Jov V(vdac)40 V(ov_pos_limit) SDN_IO with External Float:
— : . . . : ; 0V = No Fault Detected
1Y . N 5V = Fault Detected
o Visdn_resel)
' ! : V(SDN_RESET) is pulsed high at Cursor 1
2 I D V- I_I_I_I_I_I_I_I_I_I _I_I_l_;I_l_l_I_I_I_I_I_I_I_l_l_l_l_;] ___________________________ r ;— IIIIIIIIIIIIIIIIIIIIIIIIII LY :rl_l_l_I_I_I_I_I_I_I_l_l_l_l_;l ___________________________ ? _______________ ? _________ r ;—l_l_l_l_l_l_I_I_I_I_I_l_l_l.Erl_l_l_I_I_I_I_I_l_l_l_l_l_l_;l __________________________
1 : : : : : : : : :
? E‘: V(ov_pos_alarm)
P . : : : : D V(OUT) is enabled at Cursor 2
YA RN N S SO S S — -—— eAi}h
0.0V s 1 . . . : 1 H . 1 1 : :
. _ | . . Visdn_io) | _ . . Diff (Cursor2-Cursorl) delta gives us the delay from
o ; : : : ; =\ i ; V(SDN_RESET) going high to V(OUT) enabled.
e e oo T 1 e S Should be 410ns
0.0V = | 1 1 1 | H . . .
S I(RI) & AD2460_TG OV POS Test.raw *
s | ; ; ; o 5 5 o As close to 1.65V
o : ' L : : Visd et — .
AmAS o e R B I e i e teset) 4 as possible.
D : Hur::l 405.0Q07 s "u"E:rt:I 2.3130841V
-6mA o : : )
S0V Curser 2 View) < As close to just > 0V
: : ! ! ! : ; | . Horz:|  405.4108gus Vert: | 7.6393127V as possible.
-5V ""_""E""i ______________ i ______________ i ______________ i_ """""""i ______________ i ________ E _____ i_"""""_"?"""""""i _____________ DTH-{CUFSGTE'EUFSIDT-I}
sov : | i i i - | | Horz:|  410.1809ns \Bdl| 5.3262287V
- | | | | | | | | | | | | | | | | |
404.95us 405.02us  405.09us  405.16ps  405.23pus  405.30ps  405.37ps  405.44ps  405.51ps  405.58ps
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. ANALOG
OverVoltage Negative Fault Test DEVICES
AHEAD OF WHAT'S POSSIBLE™
AD8460 OverVoltage Negative Detect Test
tran 0 3m 0 10n (e mmmmmmmmmmemmemmen :
= <7 i External Comp Caps: ;
SINE(011k000) o = i Ccomp_H must equal Ccomp_L
vdacIN VDAC (—) VCC_5V 3 —\ HvCC i Must enter Ccomp value in:
R1 £/ 5 * +/ 55  -param Ccomp=value . ;
10k — - INNL 50 .param Ccomp=0p
B & g3 El E g[ Ccomp={Ccomp}
d 2 33 @ 2
I AR . VDAC— - '_| Ccomp_H {Ccomp}
VDAC & Trimmed Gain (Rterm=500hms): . ouT
iVDAC Code IOUTP IOUTN Gain OUT SDN 10 = DAC -
-1V 0 0 ToutFS 40 -40V | e o .
11V 16383 ToutFs 0 40 +40V | SDN_RESET o rcomp.L {ccompy S
i ---------------------------------------------------------- J: 0 OC SRC_LIMIT OC_SRC_ALARM g p— p luk
h OC_SNK_LIMIT OC_SNK_ALARM
E E Iw POS_LIMIT g{ . ov_Pos .IL.I.RHI
™=
= @ OV_NEG_LIMIT—{wweuwar  § EX ovw wan OV_NEG_ALARM
U o
& o c1 NPT & HVEE
| a T = +
> 7 0.1p @ <>
Q V2 Rset % -
Vi 2K -55
50
30 PULSE(0 3.3 900u 1n 1n 1u 980u) —a AD8460_0V NEG Test.asc
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OverVoltage Negative Fault Test ANALOG

| t0: V(OUT)+39 =0 - OV NEG tri
Viout+39 (ouT) — rip DEVICES

I I . ' ' . AHEAD OF WHAT'S POSSIBLE™

t0: (V(VDAC)*40) < V(OV_NEG_LIMIT) = OV_NEG trip

........................................................................................................................

t0: V(SDN_RESET) is set at OV (Logic Low)

V(v;iac] 40' | | | V[Icw_neg_lin*;it]

40V
oV t0: V(OV_NEG_ALARM) goes high due to OV_NEG trip and then
drops back to zero when amp is disabled, OV_NEG fault is gone
40V
55V : 1 : ; | : : ; t0: V(SDN_IO) goes high due to OV_NEG trip
24v- t0|t1 B e S
L e L i e e I e A K
(T TS S— A I ............. AR—— SRR S N t0: I(RL) drops to zero as amp shuts off due to OV_NEG trip
0.3V J
, . V(ov_neg_alarm -
1oV i : : | : : 1 t0: V(OUT) drops to zero as amp shuts off due to OV_NEG trip
0.5V ___________ l _____________ SDN_IO with External Float: |.
: : i ; ' 0V = No Fault Detected t1: V(OUT)+39 # 0 = No OV_NEG Fault
0.0V I V[sdln o) 5V = Fault Detected B
5.5V i i | i t1: (V(Vvdac)*40) > V(OV_NEG_LIMIT) - No OV _NEG Fault
2.8V9 """"""" """""" t1: V(SDN_RESET) is pulsed from low to high (Logic high > 1.65V)
tl: V(SDN_10) is set to low and power amp is enabled
tl: V(OV_NEG_ALARM) stays at zero as no OV_NEG Fault

Viout) t1: I(RL) returns to V(OUT)/RL

48V | |

4V t1: V(OUT) returns to V(VDAC)*40

40V ! } . _
ome 0ome  0ome T 0fme  iome  dmme  cieme  oame  24me  27me  some | £2¢ Fault condition repeats — check over many cycles

©2023 Analog Devices, Inc. All rights reserved.
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OverVoItage Negatlve Fault Test

Zoom-inl kAl

AHEAD OF WHAT'S POSSIBLE™

31 Ve

36V=

e g G il i B

V(OUT)+39 =0 at OA gives us the trip point time due to
OverVoltage Negative Fault at Cursor 1.

-g ‘I’r

R e e e e it i R e e

4.0V

2.0v+

B e e e b e e e R R e

SDN_IO with External Float:
0V = No Fault Detected
5V = Fault Detected

0.0V

1.0V

0.5V

B R e e e

V(OV_NEG_ALARM) goes high at Cursor 2, when V(OUT) goes
below V(OV_NEG_LIMIT) threshold, at Cursor 1, after an internal
programmed delay.

0.0V

6.0V

3.0V=

———————————————————————————————————————————————————————————————————

e e L R L L R e St B R

Diff (Cursor2-Cursorl) delta gives us the delay from an
OverCurrent Negative Fault and V(OV_NEG_ALARM) going high
Should be 400ns

0.0V

6mA:

OmA=

-5mA

60V

5V=

e Ll MmN __ M __________

-50V:

713.0us
©2023 Analog Devices, Inc. All rights reserved.

¥ AD2460_TG OV NEG Test.raw ¥
Cursor 1 - As close to OV
Viput}+39 < as possible.

Horz:|  713.436093us Vert:| 47.150895pV

Cursor 2 As close to 500mV
W{ov_neg_alam) e ]

Horz:[ 713.84p65ps  Vet:[ s70.72740mv| || @S possible.

Diff (Cursor - Eursnﬂ}

Horz:|  403.71661ns 34&1 570.68034m\V

34



-50V:

| | | | | | | | | | | | | | | | | :
89995us 900.00ps 900.05ps 900.10ps 900.15pus 900.20ps  900.25ps  900.30us  900.35ps  900.40us

©2023 Analog Devices, Inc. All rights reserved.

OverVoltage Negative Fault Test Zoom-in2 ANALOG
B 1 .v Vtout}_l_sg AHEAD OF WHAT'S POSSIBLE™
: ; ; ; ; ; ; Pl SDN_10 with External Float:
3 | e —————— E ......... 0V = No Fault Detected
D3 5V = Fault Detected
40V :V[vdac] 40: : : : V[:ov_neg_lqult]
oV= --------------r-------------\--------------.--------------r--------------: ----------------------------------------------------------------------
o Visdn, reset)
lllllllllllllllllllllllllll Illlllllllllll‘lllllllllllll'lllllllllllllll:illllllllllIIIIIlllllllllllllillllllllllllll'llllllllllllll'll:llllllllll V(SDN—RESET) iS pUIsed high at Cursor 1
711V T S S USSR S SO
L
?gt V({ov_neg_alarm)
' V(OUT) is enabled at Cursor 2
Tt et S e
0.0V L : _
6.0V V(sdn_io) - Diff (Cursor2-Cursorl) delta gives us the delay from
; ©: V(SDN_RESET) going high to V(OUT) enabled.
3.0V "\ Should be 410ns
0.0V : P E
6mA D) [ AD2460_TG OV NEG Test.raw X
Cursor 1 As close to 1.65V
OmA Wiedin,_re2ct) < as possible.
. Horz:|  900.00p82ps Vert:| 2.6985981V
n. Cursor 2 i
60V E Viod) l As cIosg to just < OV
LI S— £ 5 Horz:| o00.41088us__ Vet:| -7.0846702V as possible.
.............. 'E............. EEEENNEENNEENEENENEEEENEEERSN lllllllllllllli EEEEEE RN RN EU NN NN NN NN NEEE NN NN NN NER'ENENEEEENEEEEEENRE Diﬁ{cumurz_cursnr-l}

Hoz: [ 410.06407ns | B9 -10.683277V
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ANALOG
SON_IO Fault Detect Delay AD8460_SDN_IO Delay Test.asc| LdlDEVICES
AD8460 SDN_IO Delay Test - L | External Comp Caps: 1
£ i Ccomp_H must equal Ccomp_L |
-tran 0 3m 0 0.1u ~\ vece_sv E —™\ HVCC i Must enter Ccomp value in: i
+/5 [ +./ 55 i .param Ccomp= value
Isdn o a— ~—~ INN 50 .param Ccomp=0p
SDN_IO ¢ ccomp={ccomp}
| I o E F
VDAC— - gls o fy [ Ccomp_H {Ccomp}
Csdn Em—— wea|
e U1 =~ | OUT
1;‘?" DAC AD8460 P
SDN_RESET——— swrer o = —] RL
B e v o S 15 [ e Ccomp_L {Ccomp} >0k
[ ANALOG [ £ [ [
OC_SHK_LIMIT . DE‘.\"I o DC_SHK_ALARM
2 v
TV_FOS_LTMIT ;. . . 17 ) [ | ov_Fos_aLarm K
OV_NEG_LIMIT— ovrec.ner s o F | 2 B = — OV_NEG_ALARM
SINE(0 11k 000
\fdacIE\I ) VDAC cil | el ¢ HVEE
= —_— t - - - .
~1 = - o] Lo Lk C) SDN_IO Delay Timing:
= " e T 55 AVsdn
10k | r 2k Isdn = Csdn *
2 % 50 Atdly
z Z - <l7 170uA = tdly
e S ; 3 o Csdn =
| VDAC & Trimmed Gain (Rterm=50ohms): | Vi V3 2.5V
i VDAC Code IOUTP IOUTN Gain OUT ; 2.5V x Csdn
-1V 0 0 IoutFS 40 -40V ; tdlyv =
| +1V 16383 IoutFs 0 20 +a0v | 36 PULSE(0 3.3 900u 1n 1n 100u 1m) y 170uA
S : ” 2.5V * 6nF 88 235
t = = . S
Y= T 17004 K
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SDN_IO Fault Detect De ay 0: V(OUT)+36 = 0 - OV_NEG trip ANALOG
. I{Isdn) " - DEVICES
175u! ; ; I I I I ; T ; : : t0: (V(VDAC) 40) < V(OV_N EG_L”V”T) > OV_N EG trip AHEAD OF WHAT'S POSSIBLE™
e ]H] _________ ______ t0: V(SDN_RESET) is set at OV (Logic Low)
e | 11 | T Vioutrss | | | |
80V : , t0: V(OV_NEG_ALARM) goes high due to OV_NEG trip
36V | | 5 t0: SDN_IO positive current source (170uA) is turned on
-8V . - : —
40V Viydac) 40 : : V(ov_neg_limit) t0: V(SDN_IO) ramps toward 2.5V threshold, due to Csdn
capacitor, 6nF. Power Op Amp enabled until SDN_10 > 2.5V.
oV
40V t1: V(VSDN_IO) > 2.5V, after predicted 88us ramp to 2.5V due
3.3V V(sdn_reset) to Csdn, 6nF. Power Op Amp is disabled due to OV_NEG Fault.

e tot-4-t2}-Jeab e SR S
' : ' t3 : : s

B P fr t1: I(RL) drops zero as amp shuts off due to OV_NEG trip

oy

t1: V(OUT) drops zero as Power Op Amp shuts off due to SDN_IO > 2.5V

B S S AR N [ t1: V(OV_NEG_ALARM) low since Power Op Amp is disabled

SDN_IO with External Cap: t2: V(SDN_RESET) is pulsed from low to high (Logic high > 1.65V)

<2.5V = No Fault Detected . .
52 5V = Fault Detected SDN_10 negative current source (-170uA) is enabled

t2: V(SDN_RESET) must remain high until SDN_10
discharges to <2.5V to clear the OV_NEG Fault

t3: SDN_IO < 2.5V and OV_NEG Fault Cleared

t3: Power Op Amp is enabled, and V(OUT) returns
to V(VDAC)*40 and I(RL) returns to V(out)/RL

t4: SDN_IO discharges down to OV

T T T T T T T T T t5: Fault condition repeats — check over many cycles 38
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 2.4ms 2.7Tms 3.0ms

©2023 Analog Devices, Inc. All rights reserved.
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SDN_IO Fault Detect Delay-SON_IO Current Sources

Any time SDN_IO is not driven by a low impedance source externally, it is

. I{lsdn) driven internally high, by a 170uA pull-up current source, or low, by a 170uA
| | : pull-down current source. SDN_IO is clamped internally: 0V< SDN_IO < 5V.
I : For this test case SDN_IO has only capacitor, Csdn, connected externally.

| I V(out)+36

80V

36V=

...............................

.................................

tA: SDN_IO starts at OV and is then driven high internally by OV_NEG
Fault detect so 170uA pull-up current source sources out of SDN_IO.

-3 "‘
40V=

V(ydac) 40y

V({ov_neg_limit)

|
V=

-40V:

3.3V
2.4V=
1.5V+
0.6V=

-0.3V:

V(ov_neg_alarm)

1.0V

0.5V=

0.0V

; ! ! ; ;
b
gy ’ i

5.5V : :
: o

2.8V=

0.0V
4.8mA:

SDN_IO with External Cap:
<2.5V = No Fault Detected
>2.5V = Fault Detected

V[sdn=io}

tB-tC: SDN_10 still driven high internally but clamped
at 5V so current out of SDN_10 goes to zero.

tC-tD: SDN_IO starts at 5V and is then driven low internally, due to SDN_RESET
pulsed high, so 170uA pull-down current source sinks into SDN_I10.

tD: SDN_10 < 2.5V and OV_NEG Fault Cleared and Power Op Amp is
enabled, V(OUT) returns to V(VDAC)*40 and I(RL) returns to V(out)/RL

tD-tE: SDN_IO continues to discharge down towards 0V

tE: SDN_IO discharged down to OV. SDN_IO still driven low internally but
clamped at OV so current out of SDN_10 goes to zero.

SDN_IO Pin & External Delay
Equivalent

Internal Schematic

2.4mA=
0.0mAs=
-2.4mA=
-4.8mA

48V

24v--

0V
-24V
48V

All A5 DN_IO_PWR
FLTNX LTXFLTX _SRC_ALARM
Al5 ﬁ TD=20n _SNK_ALARM
LT FLT V_POS_ALARM
(——l_ﬂ“ V_NEG_ALARM
< A8 - % L _
Al4 DN_RESET Ref=1.65
LTNX TD=400n
DN_RST_DLY SDN_RST_DLY—%SDN_RESE[
A10
LTN FLTN AL2
1=Fault SDN_IO—(|?—SDN_10_INT
0=No Fault Ref=2.5

.model TGZ_5V D(Is=1.5n Rs=10m Cjo=10p nbv=1 bv=4.31 Ibv=1EF-10 Vpk=7)

| |
0.0ms 0.3ms 0.6ms

|
0.9ms

| L| |
1.2ms 1.5ms 1.8ms

21ms  2.4ms 2 7ms

3.0ms

©2023 Analog Devices, Inc. All rights reserved.

39




ANALOG

SDN_IO Fault Detect Delay DEVICES

480 I[Isdn] SDN_IO DelayTlmlng AHEAD OF WHAT'S POSSIBLE™
w : s s s B : s s s Isdn = Csdn « 2Vsdn
T e O I A W B Atdly
: 5 | | I | | 5 5 170pA * tdly
-480pA = ' ' ' et ' ' ' ' ' Csdn =
81V . . . . IVl?ut]+3EI . . . . 25V
5 | | P 5 | s s rpy < 22V * Csdn
36V oo T . ' ' ' ' =
5 i i L3 5 5 : : : 4 170uA SDN_IO with External Cap:
V- V[vdacl="40——-: ' ' Vior — "mit]' : 2.5V * 6nF <2.5V = No Fault Detected
40V , , , — , , e8I , tdly = T170uA 88.235us >2.5V = Fault Detected
P S S SO AU M1 S AU WO NS S S
v i i i : Lt : i i : ; — Diff (Cursor2-Cursorl) delta gives us the delay from
'3 oy V(sdn_reset) V(OV_NEG_ALARM) going high and SDN_IO >2.5V
Ideally Should be 88.235us, Sim shows 87.165us.
1.6V : i : Small leakage currents and over/under shoots will alter slightly
-0.4V- the currents out of SDN_IO. Internal Fault Detect Timing delays
1.0v will also contribute slightly to the accuracy of this delay.
0.5V~
0.0V
s ¥ AD8460_SDM_IO DelayTest.raw *
3.0v- Cursor 1 T—— | As close to OV to
0.0v Horz:| 678.47606ps___ Ver:| 065.59730mv 1V step as possible.
SmA Cursar 2

Visdn_i
OmA= S As close to 2.5V as

: § | | ! ! | ! ! Horz:| 765.3f118us  Vet:[  2.5050075v bl
-SmA - \}{out} : : : : : Diff {Cursor? - Cursorl) possible.
50V - : : : — : : : : : Horz:| 87.165114ps | Vet:| 1.5403101V

-

50V . : : : : ; ; .' ; ; 40
660us 680us 700us 720us 740us 760us 780us 800us 820us 840us 860us 880us
40'

©2023 Analog Devices, Inc. All rights reserved.



SDN_IO Fault Detect Delay

I(Isdn]

420pA

35pA=

-350pA

B1V:

36V=

-9V

V(out)+36

..............................

40V

-4 0V

V(vdac) 40

3.6V

1.6V

---------------------------------------------------------------------------

R T

__________________________________

-0.4V:

1.0V

0.5V=

...................................

il Bl ettt dd st il ittt el Bttt sl Sttt sl

0.0V

6.0V

3.0V=

0.0V

5mi

OmA=

____________________________________

______________________________

-5mA

50V

ov-

‘\.r‘l[c;ut}

-50V

064ms 0. BBms 0. T2ms 0. ?Bms 0. BIZlms
©2023 Analog Devices, Inc. All rights reserved.

T  EE—— T ey
0.84ms 0.88ms 092ms 0.96ms 1.00ms

| | | |
1.04ms 1.08ms 1.12ms

SDN_IO Delay Timing:
AVsdn

Isdn = Csdn * Atdly
170uA * tdly

2.5V
2.5V x Csdn

tdly = 1704
2.5V x 6nkF

170uA

Csdn =

tdly =

= 88.235us

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

SDN_IO with External Cap:
<2.5V = No Fault Detected
>2.5V = Fault Detected

Diff (Cursor2-Cursorl) delta gives us the delay from
V(SDN_RESET) going high and SDN_IO <2.5V

Ideally Should be 88.235us, Sim shows 87.292us.

Small leakage currents and over/under shoots will alter
slightly the currents out of SDN_IO. Internal Fault Detect
Timing delays will also contribute slightly to the accuracy of

this delay.
[57 ADEE0_TG SDN_IO Delay Test.raw b
Cursar 1
Wiadn, penek) ov tq 3.3V step as
Horz:| 900.00224ps  Vert:| 3.3V possible
Cursar 2
Visdn,_i
fon o) < As close to 2.5V as
Horz: | 7.5000160Y

possible.

0987.2041pps Vert:| 2.
Diff (Cursor? - Cursar1)
Horz:| 87.201878us Vert:| -799.08303m\V

41
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SDN_

O Fault Detect Delay

l{lsdn):
175pA b " i S. o = . ;
g T SR B SN SR VO3 WO /
175uA i i
. Vtou:t}+36 ::
36V- R I R
oy ;
40V V(vdac) 40 V({ov_neg_limit)

Y B S O S A 4 e O S
-40\:’“' : < : - : : < : :
3.6V , ; Visdn reset) .

ST SERERRRRRES s ST AR froeennanees brooeeooeee e  RIREERt IECERRRPRED Ponoesnoeee b
0.4V :
1.0V ; IV[ov_neg_alarm] . : .
()T T N A — 1A [ L S - S LA A S — -
0.0V : - : '
6.0V : V[sdrl=|o] :
3.0V~ : :
0.0V : :
5mA: : . ; H ;
O Asg------=-=-- T S RS Pommommmeeee oo
e : : 2
50V Viout

T I E—— e e — B e T——

50V v

0.64ms 0.68ms

©2023 Analog Devices, Inc. All rights reserved.

L| | | | | | | | | L| | | L|
0.72ms 0.76ms 0.80ms 0.84ms 0.88ms 092ms 0.96ms 1.00ms 1.04ms 1.08ms 1.12ms

ANALOG
DEVICES

Cursor 1: SDN_10 source current check.
Should be 170uA.

AHEAD OF WHAT'S POSSIBLE™

[‘;7 ADE4E0_TG SDMN_IO Delay Test.raw *
Cursar 1

[{lsdr)
Horz:| 759.15204yus
Cursor 2

Vert:| 170.36637pA

[{lzdr)
Horz:|  999.7176%us

Vert:| -171.25701pA

SDN_IO with External Cap:
<2.5V = No Fault Detected
>2.5V = Fault Detected

Cursor 2: SDN_10 sink current check.
Should be -170uA.

42
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SDN_IO Externally Driven Low DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 SDN_IO Driven Low Test

= <7 ; : External Comp Caps:
.tran 0 3m 0 0.1u € i Ccomp_H must equal Ccomp_L
.model TGSW SW (Ron=10E-3 Roff=1E10 Von=0.9 Voff=0.1) vcc 5V 8 ~ ) HvVCC : Must enter Ccomp value in:
o +/ 55 i .param Ccomp= value .
Isdn INN. 50 .param Ccomp=0p
SDN_IO » @n . ﬂ : s FIE g Coomp={ccomp}
VDAC— 1 = ¢ § e ,_| Ccomp_H {Ccomp}
PULSE(0 10.3m 1n 1n12) TGSW R U1 coe
SDN_CNTL—§ "~ ° E - e S AD8AGO | OUT
s1 SDN_RESET———{ o v ‘E;l RL
foc_skc_LMIT Sl 3 0C_SRC_ALARME] I_| ccomp—l- {Ccomp} 10'(
v B10C_SNK_LTMIT sEA!;!l OC_SNK_ALARM E1
1oV _POS_LIMIT g OV_POS_ALARME1
8 al
OV_NEG_LIMIT—|ov ee our E| ER Ik o s OV_NEG_ALARM
SINE(0 1 1k 0 0 0) L4
VdacIN VDAC Cl| | INP| % HVEE
= T E
10k I w 2k
§ :' 50
]
......................................................... i > 3 &
1 VDAC & Trimmed Gain (Rterm=500hms): Vi V2
VDAC Code IOUTP IOUTN Gain OUT !
IV teses utrs oS a0 Aoy 36 PULSE(0 3.3 900u 1n 1n 1u 980u) AD8460 SDN_|0O Low Test.asc

©2023 Analog Devices, Inc. All rights reserved.
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DN_IO Externally Driven Low

ANALOG
DEVICES

l(Isdn)

330pA

155pﬁw

..........................................................................................................................

......

AHEAD OF WHAT'S POSSIBLE"

SDN_IO Held Low
SDN_I0O forced low means Power Op Amp is always enabled,
regardless of any faults.

OpA

80V

SEVJ

. WS PR | .

t1: V(SDN_IO) is externally high impedance and so it is
internally pulled down close to GND (20mV).

-8V:

40V-

ov:

-40V:

V(vdac)*40

o .S

_____________________

3.3V

1.5V=

....................................................................................

fmmmmmmmeimmmmmmmmmmemmmememmmmm———————

.......

-0.3V:

1.0V

U.SVJ

B e B B R e e e R R e e b R e R R

______

0.0V:

ZDmV-H

1 DmVﬂ

M e e e mmmemmeemmmmmeemmmememmeimeemmemmeemmmmekemmmemmmemmmehmmmmmmmmmemmmedmmmmmmemmemmmeimmmemmmmmmmmmmememmmmmmmmmmm ke mmmm————————

OmV:

4.8mA:

0.0mA=

-4.8mA:

48V
24V
ov-
=24\

-48V:

0.0ms

©2023 Analog Devices, Inc. All rights reserved.

| | | L| | | | |
0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 2.4ms

|
2.7ms

3.0ms

t2: V(SDN_10) is externally driven to GND with a low on-
resistance switch.

t2-t3: V(SDN_I0) is externally held at GND with a low on-
resistance switch. V(OV_NEG_ALARM) going high shows
many OverVoltage Negative Faults but the Power Op Amp
stays enabled, as seen by correct waveforms on V(OUT) and
I(RL).

SDN_IO:
0V = No Fault Detected
5V = Fault Detected

a4



SDN_IO Externally Driven High DEVICES

AHEAD OF WHAT'S POSSIBLE™

AD8460 SDN_IO Driven High Test e nemananmenm e nnnnnennennnn \
- <7 i External Comp Caps: ;
.tran 0 3m 0 0.1u £ i Ccomp_H must equal Ccomp_L
.model TGSW SW (Ron=10E-3 Roff=1E10 Von=0.9 Voff=0.1) VCC_5V g ~ ) HvCC } Must enter Ccomp value in: ;
5 % +./ 55 i .param Ccomp= value :
Isdn VCC_5V _INN 30 .param Ccomp=0p
SDN_IO UO 7 :l AE g z gl Ccomp={Ccomp}
g ) 2
VDAC— > ogle = | '_| Ccomp_H {Ccomp}
PULSE(010.3m 1n1n 1 2) TGSW = I . cow n
e il ~L w| OUT
SDN_CNTL DAC AD8460 ,]/
SDN_1I0 / COMP L
S P RL
s1 SDN_RESET . =N | 1 Ceomp_L {Ccomp} e
OC_SRC_LTMIT =| 1 OC_SRC_ALARM|
?jl K oC_SNK_LTMIT n EEIVIC E OC_SHK_ALARM
a v
U I OV_POS5_LIMIT =| . . || Ov_FO5_aLARMIL
=4 OV_NEG_LIMIT—{omewn & o & o[ " B OV_NEG_ALARM
SINE(O 1 1k 0 0 0) -
VdacIN VDAC Ci] | NPT & HVEE
= 0.1 W 5
R1 = m Hl P Rset & £ -
~ @ & -55
10k . o 2k
w I 50
= = »
IS S , > 3 ~
1 VDAC & Trimmed Gain (Rterm=500hms): Vi V2
'VDAC Code IOUTP IOUTN Gain OUT ! .
L1V 0 0 IoutFS 40 -40V: AD8460_SDN_|O ngh Test.asc
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l{lsdn)

SmA:

-23mA=]----

-50mA

DN 10 Externally Driven High

—————————————————————————————————————————————————————————————————————————————————————————————————————————

————————————————————————————

80V

68V
56V
44V
32V

I: ANALOG

SDN_IO Held High AHEAD OF WHAT'S POSSIBLE
SDN_10 forced high means Power Op Amp is always
disabled, regardless of any faults.

t1: V(SDN_10) is externally high impedance and so it is
internally pulled down close to GND (20mV).

40V

oV

t2: V(SDN_10) is externally driven to 5V with a low on-
resistance switch. Power Op Amp is disabled as seen on I(RL)

'3421": V(sdn, reset) and V(OUT) going to zero.
1.7V ------------------------------------- B t3: V(SDN_RESET) is pulsed high which has no effect on
00V i enabling Power Op Amp since SDN_IO is forced high.
1,90V V[ov_ne:g_alarm] |
0.6nV= T T R
Pty I SO OO OO S OO U OSSN N SDN_IO:
1.2n\V: I - I’ 0V = No Fault Detected
5.0V V(sdn_io) | 5V = Fault Detected
) B T T | ---------------------------
E I
I(R1) ’
S S O O NS | S N
V(out)
.................................................................................................. S
| | | | | | | ]
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 2.4ms 2.7ms 3.0ms

©2023 Analog Devices, Inc. All rights reserved.
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Appendix:
L Tspice Schematic and Plot Images




L Tspice Schematic & Plot Settings for Images in this Presentation

[‘;7 Control Panel

B‘I Control Panel

b Operation “F Hacks! ¥ Intemet

\i Compression

/ Save Defaults

P SPICE % Drafting Ootions

m Operation "T Hacks! ¥ Intemet
B Netlist Options @, Sym. & Lib. Search Path
3 Compression / Save Defaults 'ﬁ SPICE £ Drafting Options

B Metlist Options @) Sym. & Lib. Search Paths

Hllow direct component pin shorts["E[ ]

Fort Properties[’]

Data trace width[]:

4 v

Automatically scroll the view[’]
Mark text justification anchor pairts [ Tahoma

Mark unconnected pins
Show schematic grid poirts]”
I grid p []DI Bold]

Orthogonal snap wires
Ortho drag mode[][]
Cut angled wires during drags

Color Scheme[]
Undo histary size:
I Penthickness[]: | 2 vI Hot Keys[']

Show Title Blocks["]
Reverse Mouse Wheel Serol[][]
Cursortypel']: | ppe  w

[*] Setting remembered between program invocations.

| Reset to Default Values |

Cacs

Size[]: IE =

Help

Cursor width["]: | 4 =

|Ise radian measure in wavetom expressions

Mouge cursortype[]: | Auto

Fort[]: | Adial »
Fort point size[']: |12 = Bold Font[*]
Color Scheme[] Open Plot Defs Hot Keys[']

Directory for raw and log data files[]
Store raw, plt and log data files in a speciiic directory[*][]

Browse

[*] Setting remembered between program invocations.

Reset to Default Yalues

Corcs

Help

©2023 Analog Devices, Inc. All rights reserved.
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L Tspice Schematic & Plot Settings for Images in this Presentation

R

[‘,‘7 Color Palette Editor

t: Wave Furm@ Metlist

Selected fem Color Mix
Red:
i Green:

'| Blue:

Selected tem: | Background

o 3] %

S

Click on an tem above to change its colar.

Apply
Defaults

[T Color Palette Editor >
12 WaveFom | 4] Schematic [ Netist
V(1) VI2] ¥(3] V(4 V5 V(6]
V7] VIB] V(9] VO vi1) V2]
Axis
Click to edi trace V(6) calor
N —
Selected tem Color Mix
Red: | 255 Cancel
Green: | 25h5 Apply
Blue: i ﬂ Defaults

©2023 Analog Devices, Inc. All rights reserved.

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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L Tspice Schematic & Plot Settings for Images in this Presentation [doevices

AHEAD OF WHAT'S POSSIBLE™

For best image resolution, Zoom-in on Desired Final Image, use Snipping Tool to copy Zoom-in image,
paste as Bitmap or Device Independent Bitmap into document.
ciif Cdif . wm‘“ 9o - 3 so o
S Zoom-in Shioping Tool
¢ —_ car nipping I oo
L_ll_m:':
..o o [ Pgste into Doc.ument as
e —1 Bitmap or Device
Independent Bitmap
. _ Vout and re-size as desired
Desired Final Image ) viest
— 0
AC10

SPICE Loop Gain Test N > [

DC Equivalent Circuit «—— - : AC Equivalent Circuit
i SPICE Test e
Pl
Aol =VFB 6:\"/‘\,_ ¥,
B-VFB o 1"
l _ Vout
B VFB e e
Aol — Vour e

= SPICE must have a Linear DC Operating Point for Valid simulations,

= AC Analysis does a DC Operating Point first but does not display results.

= Ensure by DC Operating Point (.op) simulation first part is in Linear Operating Region.

= Break closed loop at op amp -input.

= Add in externally, Cem- and Cdif to include for accurate analysis since LT isolates internal Cem- and Cdif.

= Inject AC Source, Viest, into -input.

ighest impedance node.

©2023 Analog Devices, Inc. All rights reserved.
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LTspice Schematic & Plot Settings for Images in this Presentation DEVICES

AHEAD OF WHAT'S POSSIBLE™

|5 Vizload) 140°
u e ” ups o g
Plot Settings” - Turn “Grid” ON.
f1es0ary L 1200
Iy - 100"
] NN e .
1a0aty "o g e
‘ No “Grid
1000 " o
100 ‘_."'. --‘ - 20"
T S L
l | b - 20
i % |
l I]."l ‘|.‘. - 40"
b 0.0 "‘_. L soe
H - .
! it on T, [
i ‘ it
Bt et 3341 n.000 L 100-
L TR BT R R ] y
o Ml it ;i;{‘rs?i',!’.’,‘.%‘,i'g‘; HiH
S T S T aatEe 526 1 e vy ol
i i By, SRR imHz 1omHz 100mHz hz 100z 100Hz ™ 10MHz 100KHz Mz 10MHz pi i
3! — - H i, R RRY
3 ! t { ﬁ“} it i ptataanatiy ) e Vizload .
1 TR hTy xﬂ — An
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LTspice Schematic & Plot Settings for Images in this Presentation DEVICES

AHEAD OF WHAT'S POSSIBLE™

Do NOT “Snippet Image” with Cursor window on plot. Move Cursor window off-screen and copy just plot window with\ waveforms
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L Tspice Schematic & Plot Settings for Images in this Presentation  Labevices

Click on pop-up cursor window and use “ALT+PRNT SCRN" to copy cursor pop-up window.

Use “CTRL+V" to paste into Word, PowerPoint.
Re-size as desired for best clarity.
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L Tspice Schematic & Plot Settings for Images in this Presentation  Labevices

Click on pop-up cursor window and use “ALT+PRNT SCRN" to copy cursor pop-up window.

Use “CTRL+V" to paste into Word, PowerPoint.
Re-size as desired for best clarity.

[ 15 Torture Test 1.raw ( *
Cursor 1

I(Viout)
Horz:| 1.2117192ms  Vet:| 150.10535mA | 1o : Vi) - N\

Cursor 2 0.5mi=y
(iR v DR

IViout)
0 Zmi=y
Horz:|  999.44721ps Vert:| 7.4942177mA Y TrTS DO
Diff (Cursor2 - Cursor1) 1:5:; '11':'
iTure

Horz:| -212.27197us Vert:[ -142.61113mA

Freq:| 4.7100375KHz  Slope: | 671.832 S U JOU SOOS OO SRRSO SN USROS SN NSNS SO

1 [‘;7 TG Torture Test 1.raw

Cursar 1

IViout)
Horz:| 1.2117192ms  Vet:| 150.10535mA

I E i i Cursor 2 [
. N — |Mum}

2.4mi
e Hoe | 000.44721ps Ve[ 7.4942177mA

;j:::: R 1 Diff {Cummz ~ Cumor”
3.6 : : : T Horz:| -212.27197ps  Vert:| -142.61113mA
R Freq:| 4.7109375KHz  Slepe:|  671.832

B0

Wiin#|-W{wmidx)

0.4

-1.5%=

2.6u - : —
Vout]-Vivmidx]

-2.34W ——— T H ———

TATY e e

N

1.Bms 2i0m=

1.0ms 1.2ms 1.4ms 1.8m=

e T v T
0.0ms 0.2ms= Odmes 0.6ms 0 8m=

54|

©2023 Analog Devices, Inc. All rights reserved.



L Tspice Schematic & Plot Settings for Images in this Presentation

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

rather use a Single Monitor, Window, Tile Vertically Snippet of the Plot Window.

Sometimes a Snippet image is better captured not on a Single Monitor Full Screen Snippet BUT
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