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1. Model M odification

No model modifications.



2. Analysis Parameters
2.1. PSPICE

START UP

.OPTIONS ABSTOL = 1n
.OPTIONS CHGTOL = 0.01p
.OPTIONS ITL1 = 150
.OPTIONS ITL2 = 20
.OPTIONS ITL4 = 400
.OPTIONS RELTOL =0.01
.OPTIONS VNTOL = 1u

Maximum step size = 4ns

2.2. TINA

START UP

.OPTIONS ABSTOL = 1n
.OPTIONS CHGTOL = 10f
.OPTIONS ITL1 = 1000
.OPTIONS ITL2 = 40
.OPTIONS ITL4 = 20
.OPTIONS RELTOL = 10m
.OPTIONS VNTOL = 1u

TR maximum step size = 4ns




3. TINA schematic v/s published (STARTUP) PSPI

3.1. Transient Analysis

PSPICE Schematic:

CE schematic
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TINA Schematic:
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Description:

1. The above application circuit is tested for an inpaltage range of 36V to 72V for a fixed outputtage
of 3.3V and a load current range of OA to 15A.

2. Output voltage starts ramping up to expected valuen SS/DISB signal increases above 0.5V.

3. Atlow input voltage and high output current levesound 15A), the output might not ramp all theywa
to 3.3V. Instead it ramps to around 3.2V.

4. This is due to the fact that the Current Sensesttule of 2V is reached at these corner conditiohghv
causes the OUTC and OUTD drivers to shut down gjidrefore it actually should. However, this is wynl
seen in the simulation and is not observed in theshhardware.

5. Because of the above simulation anomaly, the agipdic was tested at a maximum load condition of 14A
for low input voltage conditions.

6. The TINA macro model UCCx895 can be used for pa@$1895, UCC2895 and UCC3895. The TINA

macro model UCCx7324 can be used for parts UCC2&@8d4JCC37324.

Test Conditions and Additional Analysis Options (if any):

1.
2.
3.

VCC =12V
VIN = 48V
RLOAD = 235.7n62



Overlaid Results:

=t

e
g

o = I{RLoad) « "lout_TINA"
a

o U{U1:0UTA) - “OUTA_TINA"

pnt 8= o
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o U{Vout) < "Uout_TINR"
Time

Note: In the report TINA waveforms are with suffiXx TINA”. PSPICE waveforms do not have any
suffix.

Tabulation of Results:

PARAMETER PSPICE TINA EVM/DATASHEET UNIT
VOuT* 3.316 3.315 3.3 \%
VRippLE 54.51 49.244 - mV
IouUT* 14.069 14.062 14 A

Switching Frequency 375.79 373.19 400 kHz

*VOUT and IOUT values are calculated as averaga eteady state range.
I Ripple values are calculated as peak to peak steady state range.

Conclusion: The simulation results of TINA and PSPICE are miaighvithin acceptable limits.



3.2.Average Analysis

PSPI CE Schematic:
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Description:

1. The AC Response for this model has been testecebatan input voltage range of 36V - 72V and between
an output current ranging from 100mA to 15A.

2. The output inductor used is 1.25uH instead of 2.Sutde the schematic shown here consists of ordy on
side of the output stage.

3. PWM_AVG is not an actual pin on the IC but it reg@ets the "Average PWM" signal used to control the
MOSFET's in the bridge.

4. Similarly, CURRENT is not an actual pin on the IG i represents the "Average Current" flowing thgb
the MOSFET's.

Test Conditions and Additional Analysis Options (if any):

1. VIN =48V
2. ILOAD = 15A constant current source

Overlaid Results:
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Tabulation of Results:

PARAMETER PSPICE TINA UNIT
Gain at 100Hz 46.07 46.07 dB
Zero Crossover Frequency 41.539 40.614 kHz
Phase at Zero Crossover 60.215 60.759 deg

Conclusion: The simulation results of TINA and PSPICE are miaighvithin acceptable limits.
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4. Validation across EVM Corners
4.1 Transient Analysis

4.1.1 Condition 1 (Vl NMIN =36V, |LOADM|N = OA)
TINA Schematic:
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Test Conditions and Additional Analysis Options (if any):

1. VCC=12v
2. VIN =36V
3. No load resistor connected at the output



Overlaid Results:;

o U{uin} o "Uin_TIHA™

o U(DUTA) ¢ "OUTA_TINA"

o U(DUTB) ¢ "OUTB_TINA"
a

o U(UCC,B8) « "UCC_TINA"

o I{UIout) « "Iout_TINR"

3‘2 0/{
2.8 ’/
1.8 =
SEL>> —'/
4 o el
g u(Uuut) . ..ulj.u5urlitlnn.. 1.0ms 1.5ns 2.8ms Z..5ITIS 3.0ms 3.5ns 4. Bms 4.5ns 5.Bns
Tabulation of Results;
PARAMETER PSPICE TINA EVM UNIT
VOUT* 3.270 3.293 3.3 \Y
VRippLE 29.463 29.924 - mV
IoUT* 15.65 16.5 0 mA
Switching Frequency 180.22 182.17 200 kHz

*VOUT and IOUT values are calculated as averags steady state range.
I Ripple values are calculated as peak to peak steady state range.

Conclusion: The simulation results of TINA and PSPICE are riaitg within acceptable limits.
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4.1.2 Condition 2 (VINyn = 36V, ILOADyax = 14A)

TINA Schematic:
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Test Conditions and Additional Analysis Options (if any):

1. VvCC=12v
2. VIN =36V
3. RLOAD = 235.7n62

D15 BAT54TL

ouTA

U2 Centre-tap xmer

oute
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Overlaid Result:

o U{uin} < "Uin_TINA"

o U(DUTA) « "OUTA_TINA™

o U(DUTB) « "OUTB_TINA™
il

o U{vcec,8) < “UCC_TINA™

1
| e

P el

P

‘—ﬂ_,_—u"
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o I{UIout) < “Iout_TINR"

.,—n"-'n-&_-

2: P
1.8 “‘/n'
] ""’n/
ui o c'Eﬂiﬂi}lnn" 1.8ms 1.5ms 2.8ms 2.?m5 3.8ms 3.5ms 4.8ns 4.5ms 5.8ns
Tabulation of Results;
PARAMETER PSPICE TINA EVM UNIT
VOUT* 3.3449 3.347 3.3 V
VRippLE 28.715 30.455 - mV
IouUT* 14.191 14.200 14 A
Switching Frequency 182.87 182.98 200 kHz

*VOUT and IOUT values are calculated as averags steady state range.
I Ripple values are calculated as peak to peak steady state range.

Conclusion: The simulation results of TINA and PSPICE are riaitg within acceptable limits.
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4.1.3 Condition 3 (VINyax =72V, ILOADy n=0A)
TINA Schematic:
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Test Conditions and Additional Analysis Options (if any):

1. VCC=12v
2. VIN=72V
3. No load resistor connected at the output

D15 BAT54T1

H— ouTA
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§
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Overlaid Results:;
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o U{uin} < "Uin_TINA"

18+

o U(DUTA) « "OUTA_TINA™

o U(DUTB) « "OUTB_TINA™
il

o U{vcec,8) < “UCC_TINA™

o I{UIout) < “Iout_TINR"
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Tabulation of Results;
PARAMETER PSPICE TINA EVM UNIT
VOUT* 3.287 3.288 3.3 V
VRippLE 48.056 48.754 - mV
IouUT* 0.474 0.128 0 A
Switching Frequency 184.88 182.265 200 kHz

Conclusion: The simulation results of TINA and PSPICE are iiaig within acceptable limits.

*VOUT and IOUT values are calculated as averags steady state range.
I Ripple values are calculated as peak to peak steady state range.
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4.1.4 Condition 4 (VINyax =72, ILOADyax =14A)
TINA Schematic:
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Test Conditions and Additional Analysis Options (if any):

1. vCC=12v
2. VIN=72V
3. RLOAD = 235.7n62
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Overlaid Graph:

o U{uin} < "Uin_TINA"

o U(DUTA) ¢ "OUTA_TINA™

o U(DUTB) « "OUTB_TINA™
il

‘ o U{vcec,8) < “UCC_TINA™
1:;. Jw“’"--w- )
10 ’u’wn
(] ‘/fu'_..“’
o I(UIDUT) < “Iout_TINA"
Z: (.Jﬂ"’"w ]
1.8 p— -"”’"
(] ’_'f’n
ui o c'Eﬂiﬂi}lnn" 1.8ms 1.5ms 2.8ms 2.?m5 3.8ms 3.5ms 4.8ns 4.5ms 5.8ns
Tabulation of Results;
PARAMETER PSPICE TINA EVM UNIT
VOUT* 3.2825 3.2819 3.3 V
VRippLE 48.507 50.710 - mV
IouUT* 13.926 13.924 14 A
Switching Frequency 179.80 182.79 200 kHz

*VOUT and IOUT values are calculated as averags steady state range.
I Ripple values are calculated as peak to peak steady state range.

Conclusion: The simulation results of TINA and PSPICE are iiaig within acceptable limits.
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4.2 Average Analysis

4.2.1 Condition 1 (Vl NMIN =36V, |LOADM|N = OA)
TINA Schematic:
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Test Conditions and Additional Analysis Options (if any):

1. vCC=12v

2. VIN =36V

3. No load resistor connected at the output
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Overlaid Results:;

50

o
—
\u._,___
et
u*—-..___#-—-—._____n_‘___‘_h-
0—-..___‘_=_‘_-
—"0——_.__u_‘_‘_-°_ £
o B o T
—"-“--...._-__‘_-
)\u
\\
58 .\\\\\u“\\\
|
SEL>>
-100
5 “DB{U(UOUT))" » "DB(UOUT_TINA)"
200
—u—-—o——“—'___’_'__n n‘_-—-’.‘_“*-n"-—..__
: .\n\
-200 \n
-488 \\
-688

180Hz 3080Hz 1.6KHz 3.0KHz 10KHz 3J8KHz 1806KHz 300KHz 1.06kHHz
o "PUCUOUT))" = "P{UOUT_TINA}"

Co—
Tabulation of Results:
PARAMETER PSPICE TINA UNIT
Gain at 100Hz 43.701 43.704 dB
Zero Crossover Frequency 35.469 34.332 kHz
Phase at Zero Crossover 68.205 68.799 deg

Conclusion: The simulation results of TINA and PSPICE are iaitg within acceptable limits.
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4.2.2 Condition 2 (VINyn = 36V, ILOADyax = 15A)

TINA Schematic:

-
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 E—
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—
—
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C18 100n
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5t

Ul4 TL431

R34 3.48k

—O—

Test Conditions and Additional Analysis Options (if any):

1. vCC=12v

2. VIN =36V

3. RLOAD = 235.7nf2

1w

Ct 100 é

<
J

1H
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Overlaid Results:;
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/

S
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180Hz 3080Hz 1.6KHz 3.0KHz 10KHz 3J8KHz 1806KHz 300KHz 1.06kHHz
o "PUCUOUT))" = "P{UOUT_TINA}"

Co—
Tabulation of Results:
PARAMETER PSPICE TINA UNIT
Gain at 100Hz 45.057 45.057 dB
Zero Crossover Frequency 40.289 39.45 kHz
Phase at Zero Crossover 57.363 57.894 deg

Conclusion: The simulation results of TINA and PSPICE are iaitg within acceptable limits.
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4.2.3 Condition 3 (VINyax =72V, ILOADy n= 0A)
TINA Schematic:

R2 2k
AV
Reff 10m L1 1.25u
vce EA 1 %% .
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=
§.D
o
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5t

Ul4 TL431

)
=
N
~
o

()+
<
~

1w
R34 3.48k

Test Conditionsand Additional Analysis Options (if any):

1. VCC =12V
2. VIN=72V
3. No load resistor connected at the output
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Overlaid Results:;

48 \n
-“‘—.-“-
20 .\‘m_’""‘“v—-._
a -.-‘—‘-"""‘-—..._,__‘__
-‘-_‘_‘-_""“-'———._.___
_g -‘-u‘_h‘“—-u ——
"--\,_____“‘\
<5 "~
‘\,\
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g e
e— g A
] \l\-.
=
1B“uHZ"P(U(U[IUT))" 3?$H(ZUUU1711NR)" 1.8KHz 3. 08KHz 18KHz 30KHz 106KHz 3868KHz 1.8HHz
Frequency
Tabulation of Results:
PARAMETER PSPICE TINA UNIT
Gain at 100Hz 44.226 44.226 dB
Zero Crossover Frequency 33.621 32.207 kHz
Phase at Zero Crossover 84.061 84.551 deg

Conclusion: The simulation results of TINA and PSPICE are riaitg within acceptable limits.
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4.2.4 Condition 4 (VINyax = 72V, ILOADyax = 15A)

TINA Schematic:

R2 2k
AN
F VCC EA
VIN 72= UCCx895 PWM_AVG
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Test Conditionsand Additional Analysis Options (if any):

1. vCC=12v
2. VIN=72V
3. RLOAD = 235.7nf2

1w

Ct 100 é

<
J

1H
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Overlaid Results:;
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L T iz o Az T 2 1
Tabulation of Results:
PARAMETER PSPICE TINA UNIT
Gain at 100Hz 46.987 46.07 dB
Zero Crossover Frequency 42.633 41.621 kHz
Phase at Zero Crossover 63.773 64.303 deg

Conclusion: The simulation results of TINA and PSPICE are riaitg within acceptable limits.
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5. Validation Across Datasheet Corners

CONDITION CORNERS STATUS
1 VCGCyn = 10V Working
2 VCGCuax = 16.5V Working
3 Rrmin = 40kQ Crpin= 100pF Working
4 Rrmin = 40kQ Crimax= 880pF Working
5 Rrmax = 1202 Crin= 100pF Working
6 Rrmax = 1202 Criax= 880pF Working
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6. Additional TINA Test-benches

6.1 UVLO

TINA Schematic:

V6

Y VREF VREF
INV NINV C4 22n|
vee [ EAOUT ss I
T g ¢l lOOp| | outa | | P
vce | RAMP OUTA ( OUTA
| REFOUT ours|—2® (ouTB
+ €2 100n b ooND
=) o
—4 R7 1G UCCx895
@ J— AN SYNC vecf———vce
=} | C3 330p TRANSIENT OUTC ,
3 — | T outc (outc
© R1 69.8k MODEL oUTD
T A% RT OuUTD (gum o o o
L AN DELAB cs S § § §
: =
NV DELCD ADS Q —ao o ——a =<
R3 3.32k § o a a a a
U1 UCCx895_TRANS o < < < <
o o o o
| | - |
O O O 3]
o
—
% o
a4

Description:

.||_4

1. Above application circuit is developed to test theder voltage lockout (UVLO) functionality of the
component macro model for VCC input.

2. The bias voltage VCC is ramped up slowly from 8V1R®Y in 10ms and then ramped down back to 8V in

next 10ms, since both the rising and falling lodkitwesholds lay between this range only.

3. The VCC instant when VREF signal transitions frovhtd 5V is noted down as rising threshold and next

VCC instant when VREF transitions from 5V back ¥0i6 noted down as falling threshold.

Test Conditions and Additional Analysis Options (if any):

1. VCC =8V to 12V ramp in 10ms and 12V to 8V rammext 10ms
2. Capacitive load on all four outputs as 100pF.
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Overlaid Results:;
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B

o U(UCC) o "UCC_TINA™
a

=

o U{UREF)

< "UREF_TINA"

o U{OUTA)

« "0UTA_TIHA"

o U{0UTB)

< "0UTB_TIHAR"

BE g
L R o}

o U(OUTC) « ™

UTC_TINAR"

3 2ns
o U(ouTD) ¢

hms omns

“0uUTD_TINA™

Tabulation of Results;

18ms

20ns

PARAMETER

DESCRIPTION

PSPICE | TINA

DATASHEET

UNIT

UVLO (on)

Start-up voltage threshold

11.00 11.

DO

11

UVLO o,

Minimum operating voltage after start-up

9

UVLO (ys)

Hysteresis

Conclusion: The simulation results of TINA and PSPICE are miatghvithin the acceptable limits.
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6.2 LineTransent

TINA Schematic:
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Description:

1. Above application circuit is developed to testlihe transient response of the system as wholenwM
controller is used as a part of it.

2. The application circuit is tested for line transiesmen it is configured for
2.1.Minimum load current condition
2.2.Maximum load current condition

3. The circuit is allowed to reach steady state formut voltage of 36V and output of 1.8V and thelna
transient of 1ms pulse width is applied at its in@orresponding output variations are noted down.

Test Conditions and Additional Analysis Options (if any):

1. VCC=12v
2. CONDITION 1: IOUT=0A
CONDITION 2: IOUT= 14A
3. VIN = 36V constant input on top of which of 36V, &mpulse is applied after output reaches steady.stat
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Overlaid Resultsfor test condition 1;

=

o U{uin) < "UIM_TINA"

=

a
o U{Wout) - "UYout TINA"

0] Pad

g P

-

o I{UIout) < “"Iout_TIHA™

SEL>>

-1a

8s 8.5ms 1.8ms 1.5ms 2.8ms 2.5ms 3.8ms 3.5ms 4. Bms 4.5ms 5. 8ms
o U(DUTA) = "OUTA_TIHA"
Time
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Overlaid Resultsfor test condition 2;

o U{uin) < "UIHM_TINA"

2 =

o,g——o-""’

.
”ﬂ
2.0 ="
/“"'
0“"“"‘
e
8 .,_.-‘
SEL>>
-2.8
o U{Vout) - "Uout TINA"
28
. [ i
8 =
T
n“-’—‘u
a—_ﬂ-—u-—"-"‘—

o I{UIout) - “"lout_TIHA"

8s 8.5ns 1. 8ms 1.5ms 2. 8ms 2.5ms 3. Bms 3.5ms 4. Bms 4.5ms 5.8ms
o U(DUTA) < "OUTA_TINA"

Tabulation of Results;

PARAMETER PSPICE TINA UNIT
Average change in output voltage during VIN traosi{ @ILOAD=0A) 31.63 30.8 mV
Average change in output voltage during VIN traoaif @ILOAD=14A) 52.17 58.83 mV

Conclusion: The simulation results of TINA and PSPICE are miaighvith each other. It is observed that even
after transition in input occurs, the output shahight increase in average value from steady staliee and
transient peak amplitudes are almost negligibléd@ih conditions.
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6.3 Load Transent

TINA Schematic:
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Description:

1. Above application circuit is developed to test tbad transient response of the system as wholepwhe
PWM controller is used as a part of it.

2. The application circuit is tested for line transiesmen it is configured for
2.1 Minimum input voltage condition
2.1 Maximum input voltage condition

3. The circuit is allowed to reach steady state fooatput voltage of 1.8V and a load of 50uA and thdoad
transient of 1ms pulse width is applied at its in@orresponding output voltage variations are chol@wn.

Test Conditions and Additional Analysis Options (if any):

VCC=12V

CONDITION 1: VIN = 36V

CONDITION 2: VIN = 72V

3. lout is varied from 50uA to 14A with rise and fathe of 1us.

1.
2.
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Overlaid Results:;

Condition 1; VDD =

15

36V

o I{UIout) - "lout_TINA"

ot 8 P
3.9 P & &
2.8 111’5
- //
-
o /
SEL>>
-1.9
8s 8.5ns 1. 8ms 1.5ms 2. 8ms 2.5ms 3. Bms 3.5ms 4. Bms 4.5ms 5.8ms
o U{Uout) < "Uout_TINA"
Time
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Condition 2;: VDD=72V

15

SEL>>

o I{VIout) - “lout_TIHA"

aal

L/
A
| /

8s 8.5ns 1.0ms 1.5ns 2. 6ms 2.5ns 3.0ms 3.5ns 4. Gms 4.5ns 5.06ns
o U{Vout) < "Uout_TINA"

Time

Tabulation of Results;

PARAMETER PSPICE TINA UNIT
Average change in output voltage during IOUT traosi(@VDD=36V) 188.7 177.80 mV
Average change in output voltage during IOUT traosi(@VDD=72V) 184.07 179.25 mV

Conclusion: The simulation results of TINA and PSPICE are matghvith each other. It is observed that even
after transition in input occurs, the output shalight increase in average value from steady statee and
transient peak amplitudes are almost negligibléd@ih conditions.
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6.4 Oscillator Test

TINA Schematic:

vCC
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g u GND Voo POND OUTB:2
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I RT82k RT:6] wr | wooe. YT i
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Description:

1.

Above application circuit is developed to test thecillator functionality and measure oscillation
parameters.

Under steady state condition, different parametérgscillation like frequency, peak and valley agiées
and SYNC pulse width are measured.

A parallel combination of R = 1.2kohm and C = 100pFconnected at the output of each channel. In
addition to this an RC combination of 3.9kohm afgR is connected at the SYNC terminal as per test
conditions from datasheet.

Also repetitive measurements of oscillator freqyewere carried out for different values of RT an@l ©

get Frequency vs. RT/CT curve shown in electritaracteristics in datasheet.

Test Conditions and Additional Analysis Options (if any):

E A

VCC = 12V
RT = 82k2
CT = 220pF

For Frequency vs. RT/CT curve, RT is varied frorkd7o 1002 and CT from 100pF to 1000pF
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Overlaid Results:;
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500p
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NOTE: Above measurements are carried out using paedric stepping in TINA and the results are impode
in PSPICE to obtain curves.

Tabulation of Results:

PARAMETER EXPLANATION PSPICE TINA DATASHEET | UNIT
fose Oscillator frequency 470.92 467.39 500 kHgz
Vet Timing resistor voltage 3 3 3 \%
V cr(peak) Timing capacitor peak voltage 2.5091 2.5048 2.35
V crvalley) Timing capacitor valley voltage 0.001 0.001 0.2 V
Sync output pulse width 18.297 20.228 85 ns

Conclusion: The simulation results of TINA and PSPICE are g within the acceptable limits.
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6.5 Steady State Analysis

TINA Schematic:
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Description:

1. Above application circuit is developed to test sheady state rise and fall times at the outpuhefrhacro

depending on load conditions.
A load capacitor of 100pF is connected at the dutpeach channel as per datasheet test conditions.
3. The rise and fall times are measured as 10% to&G¥e steady state output value of the channel.

N

Test Conditions and Additional Analysis Options (if any):

1. vCC=12v
2. CLOAD_A =CLOAD_B = CLOAD_C = CLOAD_D = 100pF
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Overlaid Results:;

o U(UCC) - "UCC_TINA™

o U(UREF) ¢ "WREF_TINA™

o U(DUTA) « "OUTA_TINA™

o U(DUTB) <« "OUTB_TINA™

o U{DUTC) < "OUTC_TINA™

os 58us 1808us

o U(0UTD) « “"OUTD_TIHA

Tabulation of Results;

150us

350us

480us 450us

580us

PARAMETER EXPLANATION PSPICE TINA DATASHEET | UNIT
tr Rise time 8.7977 7.319 20 ns
te Fall time 10.184 7.566 20 ns

The rise and fall times are measured as 10% to&Q8teady value.

Conclusion: The simulation results of TINA and PSPICE are miagland are within the limits of typical

values from datasheet.
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6.6 Output Shutdown: CS

TINA Schematic 1:
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Description:

1. Above application is developed to test the shutdeandition at the output due to increase in CS tinpu

signal voltage. Generally CS pin is used to sengecorrent condition in large rectifier circuits are the

above component forms a part of the system.
2. The overcurrent condition at the output is sensed eonverted back to voltage and fed back to the

controller, which depending on the limit set bymuskuts down itself for overcurrent.
3. To test this functionality, the CS input signaftasnped up from 2V to 3V in 5ms, since the shutddvart

for CS lies within the range.
4. The value of CS for which switching at the outpiaips abruptly after the steady state has reacheotés

down as shutdown limit.

Test Conditions and Additional Analysis Options (if any):

1. vCC=12v
2. VCS

2V to 3V ramp up in 5ms

Overlaid Resultsfor Condition 1:

« “UREF_TIHNA™

+ U(UREF)

+= "UCC_TINA™

o W(UCC)

+ "CS_TIHA™

o U(CS)

« "OUTA_TINA™

o U{0UTA)

< "OUTB_TINA™

o U{DUTB)

¢ “OUTC_TINA™

o UW{OUTE)

28

18

-5

28

15

18

2

15

18

28

15

2

15

18

SEL>>

1800us

180us 280us 300us 480us 580us 680us 780us 880us 280us

s

« "OUTD_TIHNA™

o U(OUTD)

Time

43



Overlaid Resultsfor Condition 2;

o U({ES) » U(22,8) v "UCS_TINA"
a

4.0
Lo g ¢S5 = b
- e ‘{:‘.‘m
-8 e K
./nd"’ \i\
8 .,—-""’— 0.::::-\_
o.m

o U{Uout) - "Uout_TINA"

i e

R =~

a
o I{UIout) < "Iout_TINA"
a

T T T T T T T T T T T 1
os 8.5ns 1.06ns 1.5ms 2._oms 2.5ms 3.06ns 3.5ns 4._oms 4.5ms 5.06ms 5.5ns 6._0ns
o U(OUTA) = "OUTA_TIHA™

Tabulation of Results;

PARAMETER PSPICE TINA DATASHEET UNIT

Vs Threshold 2.4984 2.4987 2.5 V

Conclusion: The simulation results of TINA and PSPICE are tnigitg within the acceptable limits. The
overlaid results of condition 2 show actual sysgdmtdown for overcurrent condition at the systenpou
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6.7 Output Shutdown: SS/DI SB

TINA Schematic 1
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Description:

1. Above application is developed to test the shutdoamdition at the output due to decrease in SS
input signal voltage. Generally SS pin is utilisgduser externally to force chip into disable mode
or to make it enter into soft start-up mode.

2. To test this functionality, the SS input signalr@nped down from 1V to OV in 5ms, since the
shutdown limit for SS/DISB lies within this range.

3. The value of SS for which switching at the outpiops abruptly after the steady state has reached
is noted down as shutdown limit.

Test Conditions and Additional Analysis Options (if any):

1. VCC=12v
2. VSS =1V to OV ramp down in 5ms

Overlaid Resultsfor Condition 1:

Li]
o U(UCE) + "UCC_TINA™
8 R —

——

———p

———n ..
I

u‘_'__‘0-—_.__“

i)
o U(SS) + "SS_TINA™
8

o U(DUTA) < "OUTA_TINA™

o U(DUTB) < "OUTB_TINA™
a

o U(DUTC) < "OUTC_TINA™

T T f T T T
os 8.5ms 1.06ns 1.5ms 2. 0ns 2.5ms 3.0ns 3.5ns 4. oms 4.5ms 5.6n
o U(DUTD) « "OUTD_TINA™
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Overlaid Resultsfor condition2;

4.8

—ﬂ/
——"‘/
2. .’—--u/_
|
uf-‘v/'/#—
o o U(SS) -+ "USS_TINA"
4.8
,.,-uo-"“"'"""
__“__’_,,_o-ﬂ L
|'.|---"'"-"“---0‘-“’.'--°
.0
o UW{Uout) < "Uout_TINA™
20
2 e
e y—'u-v"'“"-—“- ‘—-
-20
o I{UIout) < “Tout_TIHA"
20
SEL):
_zuﬂs 8.5ms 1.8ms 1.5ms 2._68ms 2.;m5 ﬂ.ilms 3.;m5 u.;]ms JI.!ITIIIS 5.;]ms 5.;ms f-.ﬂmsI
o "OUTA_TINA"™ - U(OUTA)
Time
Tabulation of Results:
PARAMETER PSPICE TINA DATASHEET UNIT
Vss/D|SBThreSh0|d 499.999 500.352 500 mV

Conclusion: The simulation results of TINA and PSPICE are maighwithin the acceptable limits. The
overlaid results of condition 2 show actual syssartup behaviour that occurs only after SS/DISinieal
crosses threshold level.
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6.8 Output Shutdown: REF

TINA Schematic 1:
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Description:

1. Above application is developed to test the shutdoamdition at the output due to forced decreadREir
signal voltage. The device can provide constantobitput through REF terminal, with limited driving
capability.

2. When this pin is forced externally to drop downdvethreshold limit, the device shuts down.

3. To test this functionality, the REF input signar@é@nped down from 5V to 3V in 5ms since the shutidow
limit for REF lies within the range.

4. The value of REF for which switching at the outptaps abruptly after the steady state has reasheoted
down as shutdown limit.

Test Conditions and Additional Analysis Options (if any):

1. VCC=12v
2. VREF =5V to 3V ramp down in 5ms

Overlaid Resultsfor Condition 1:

18
a
o U(UCL) « "UCC_TINA™
5.8
2.5
o U(REF) < "REF_TIHNA"
28
(BT
SEL>>
-28
o U{OUTA) « "ODUTA_TINA"
28
ao:
-28
o U(OUTB) « "OUTB_TINA"
28
£ ]
SArpalel I 2
o Elrgaltl 1 gy ED
-20
o U{OUTC) + "OUTC_TINA™
28
g
-28

T T T T T
Bs 8.5ms 1.0ms 1.5ms 2._06ns 2.5ns 3.8ms 3.5ms 4. Gms 4.5ms 5.8ms
o U{OUTD) < "OUTD_TINA"
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Overlaid Resultsfor Condition 2;

/“""%

o U(REF) » "UREF_TIHA"

| guene=a o= R
091
2.8 - el \ k
/n. o= \
°_’fn"' L S
SEL>>
-2.8
o U{Uout) « "Uout_TINA™
2e
18 _n-O"'“n-"-n- \\
h g N
el N
| ™™ S

o I{VIout) - "Iout_TINA™

T T T T
Bs 8.5ns 1.8ms 1.5ms 2._8ms 2.5ms 3.6ms 3.5ms 4_Bms 4.5ms 5.8ms 5.5ms 6. 0ms

o U{oUTA) = "[IlITFLTINH"- .
Tabulation of Results;
PARAMETER PSPICE TINA DATASHEET UNIT
Vrer Threshold 4.00 4.0007 4 \Y

Conclusion: The simulation results of TINA and PSPICE are imigig within the acceptable limits. The
overlaid results of condition 2 show actual syssmtdown for overcurrent condition on REF terminal.
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6.9 Error Amplifier

TINA Schematic:
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Description:

1. Above circuit is developed to test the error anmgimodule in the component.

2. The AC analysis of the error amplifier is carriad t test its frequency response and to calculaity gain
bandwidth and open loop gain.

3. Also the offset voltage, High and Low level outpottages \4y and Vi, are calculated through transient
analysis using test conditions mentioned in dattshe

Test Conditions and Additional Analysis Options (if any):

VCC =12V

VSS =5V

VEAN = 500mV

VEAP = 1V pulse with rise time fall time= 1us and period 100us.

pPwnNPE
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Overlaid Results:

So8m

258m

o U(EAN) « "UEAN TINA"
S06m j
258m !

o U(EAP) < "“UEAP_TIHA"

SEL>>
-1.9

s 10us 28us 36us Jous S5bus 60us 7ous 80us 968us 100u!
o U(ERADUT) < "EADUT_TIHA™
Time

Tabulation of Results:

PARAMETER EXPLANATION PSPICE TINA DATASHEET UNIT
Vio Offset voltage -14.188 -14.187 0 mV
EAOUT yon High-level output voltage 3.7804 3.7804 4.5 V
EAOUT yoL Low-level output voltage| -946.69%  -946.695 200 mV

Conclusion: The PSPICE and TINA results are matching withmdlceptable limits with each other but they
differ with the datasheet specified values for EADW,and EAOUT yo,.
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6.10 Adaptive Delay Set

TINA Schematic:
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MY DELCD L,
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U1 UCCx895_TRANS ¥

Description:

1H

1. Above circuit is developed to test the Adaptivedyebet (ADS) functionality in the component.

The CS input signal is varied from 0V to 2V in méi span of 1ms. The ADS signal input is grounded.

3. No delay modulation occurs when ADS and CS inputs & same potential while increasing delay
modulations is observed for increasing potentifiedénce between the ADS and CS terminals.

4. Measurements are taken for two corner conditionS® = CS= 0V and ADS = 0V, CS=2V.

n

Test Conditions and Additional Analysis Options (if any):

1. vCC=12v
2. VADS =0V

3. VCS =0V to 1V rising up ramp
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Overlaid Results:;

2.8

P to—""
I
|
| =
ﬂ.—--"”——-—n
1.8 e =
.F--""“"—-—
__.--....-_.--._.._-—-
P
o U{CSY o "CS_TINA"
2.0
—
pom——
|
11
o1
| ] T
e
1.8 pr— =
-
"
g
a
o U{DELAB) ¢ "DELAB_TINA"
2.0
—
g
. et
R
o
| e B o
o
1.0 e —
I
Nt}
g1

o U{DELCD) < "DELCD_TIHA"

o U{OUTA) < "OUTA_TINA"

T T T T T T T T T T T 1
Bs 8.1ns 8.2ms 8.3ns 8.4ns 8.5ms 8.6ns 8.7ms 8.8ms 8.9ns 1.08ms 1.1ms 1.2ms 1.3ms 1.4ms  1.5ms
)

o U{OUTB) < "OUTB_TINA"
Time

Tabulation of Results;

PARAMETER TEST CONDITION PSPICE TINA DATASHEET | UNIT
VpeLas ADS =CS =0V 499.971 499.971 500 mV
VpEeLcD ADS =CS =0V 499.971 499.971 500 mvV
VpeLas ADS =0V CS =2V 1.999 1.999 2.0 \%
VpeLco ADS =0V CS =2V 1.999 1.999 2.0 \%
toeLAY ADS =CS =0V 487.396 226.786 560 ns

Conclusion: The PSPICE and TINA results are matching withmdlceptable limits with each other but they
differ with the datasheet specified value for Delaye. All other results match with datasheet.
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6.11 Delay Programming

TINA Schematic:
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Description:

1. Above application is developed to test the delamgmmming functionality of the macro model.
2. The testis carried out through use of differefayleesistances (RDELAB and RDELCD) and for differe

conditions of CS input signal.
3. Maximum delay modulation occurs when ADS is grouhdine tests are carried out for CS = 0V and CS =

2V conditions with RDELAB = RDELCD = 2R to 35k2.
Test Conditions and Additional Analysis Options (if any):

1. VvCC=12v
2. VCS =2V pulse with initial delay of 300us and jperiof 200us, rise time = fall time = 1us.

3. ADS terminal grounded.
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Characteristic Plot;
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Tabulation of Results:

RDELAB toELAB UNIT
CS=0v CS=2v

2kQ 89.6 39.08 ns

10.3k2 224.15 77.9 ns

18.5kQ 384.26 129.87 ns

26.8K2 512.35 168.83 ns

35kQ 596.3 214.29 ns

Conclusion: The simulations results in TINA show same trenthas of the characteristic plot from datasheet.
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6.12 Output Source Capacity

TINA Schematic:

R8 2k
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EAN EAP C4 22n
|
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Description:

1. Above application is developed to test the respoifisiee component under loading condition and &dso
test the output current sourcing capacity of theaho

2. The circuit is tested for two different load curreonditions (10mA and 100mA) through use of dier
load resistor values.

3. The output voltage and the output current throwgld Iresistor are monitored.
Test Conditions and Additional Analysis Options (if any):

1. VCC=12V,RLA=RLB=RLC =RLD =1.2R
2. VCC =12V, RLA=RLB =RLC =RLD =100
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Overlaid Results:;

N

8 o UW(UCE) + "UCC_TINA™
- m ITIHA T
; o I(UI_OUTA_1) < "I_OUTA_TIHA"
: o I(UI_OUTB_2) « "I_DUTB_TIHA™
. m ]&F T I
0 Ilii i
o I(UI_OUTC_3) < “I_OUTC_TIHA"
P i T T
g e \ [ Il
o I{UI_OUTD_%) < “I_OUTD_TIHA"
18 mshn i
’ I
; o U(0UTA) - "DUTA_TIHA™
18 !L
‘ o U(DUTB) « "OUTB_TINA™
19 iy MRl i
s T
. 1] |
o U(DUTC) < "OUTC_TINA™
18 T il HE
i
;EL>3> ; i_l
i T ugﬂggirlnn" 188us 158us 288us Ziuus 388us 358us 488us 45 8us 5 88us
Tabulation of Results;
PARAMETER TEST CONDITION PSPICE TINA DATASHEET | UNIT
IOUT_HO RL =1.2I© 9.756 9.756 10 mA
VOUT_HO RL =1.2I0 11.707 11.707 11.750 V
IOUT_HO RL=12@ 92.308 92.308 - mA
VOUT_HO RL=12@ 9.2308 9.2308 - V

Same values of IOUT and VOUT are observed on aflahnels for individual test conditions.

Conclusion: The PSPICE and TINA results are matching withingbeeptable limits.
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6.13 Output Sink Capacity

TINA Schematic:
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Description:

1. Above application is developed to test the respafigee component under loading condition and &bso
test the output current sinking capacity of the etod

2. The circuit is tested for two different load cutreonditions (10mA and 100mA) through use of defar
load resistor values. Additional DC source and 8&kodiode combination is connected at the load to
clamp the output to 12V.

3. The output voltage and the output current throwgld Iresistor are monitored.

Test Conditions and Additional Analysis Options (if any):

1. vCC=12v
2. RLOAD =1147.82)

60



Overlaid Results:;
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Tabulation of Results;

UNIT

mA

mV

mA

TEST CONDITION

RL =

RL =

RL

TI
L
s o |3
5 25 |
<
TI
<
o
&
A4oo%5
Z 29 o |g |¥
- O O |[K |N
— ™
w o
O I3 2 8 |2
~ . ()} S .
@uggmz
a ™
& |
~ I~ 8|S
LS RS P P
A S o BN [ (R e
- |-

RL

PARAMETER

IOUT_LO

VOUT_LO

IOUT_LO

VOUT_LO

Same values of IOUT and VOUT are observed on aflahnels for individual test conditions.

Conclusion: The PSPICE and TINA results are matching withamadbceptable limits.
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7. Encrypted M odel Validation

7.1Transient Analysis

Overlaid Results:
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7.2Average Analysis

Overlaid Results:
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Conclusion:

1. To validate the encrypted model, the Transient Anerage testbenches have been simulated using the
encrypted model.

2. These results are overlaid on the simulation resilsame testbenches simulated using unencryptdelm
by importing both waveforms in PSPICE.

3. The overlaid results match.
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8 Published Test-bench Reference Schematic

8.1Transient Analysis
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8.2Average Analysis

UCTx895_AYG - Schematic Editor

=181 x|
Flle- Edit Insert Wiew Analysis Interactive T&8M Tools Help
2= T R W o R 0 O S s I PR A A i = | |
[Tz [B]F]wl e[+ ~[=lelsel=l Mlofz]=[&] TTTTTTTTTTTTTTTT I

Basic |Swwtches| Meters Suur:es' Samiconduclols' Dptoelactwmc' Sp\caMaclosl Gates Flin-ﬂopsl LogiclE&MEUs' AD:‘DA-EES' RF |-Analogtonllo\| Speciall
CTxE95 "Average” Model - AT Response Schematic

oo

Tr  UCCx885 Phage Shift FWH Cantralier

Ske Do umeE W,

P
b tane 27, 010 Te% 1 |
o J |
i 3%
= : iy
i eCEs PN :‘E%I gLyLlyglyl gL i
averase oodE SN ] g E § & |
Us Trarsiom: 1 o
L o o [y g|8|8 |8
R ek
N +
oz
g 35 540 D“:"& A2 143 L
I 1k e
TR iy i S
=
2 ‘\n
O
2

TEST BENCH DESCRIFTION:

1. The UCCIEE5 Aue rage Modk b ercnped.

2.The A Reapoise T B Mook | kar beed BRI Debike | 31 HPITUONE Mhge 0136 - V2030 DeMike s 31 OUPITCHTEN
raige oflh - 154,

.10 ORI ChaNge B Tequeaoyotops i clakgs He parmek 1 "FREQ"

4 The OUPATIACTN 126018 1250 EEBI0TZ50H Sk tee SCREMEDt S houlh e e COLEIST DN DR 210 GFthe OIDTaEge

£, Formes taoarak: res Al tee a RC bder mock 1 0r e vl capanton:.

. PUIM_AS b wotah 3ctealplh of e I, BAER reprece vk e “uerage PUH® £9val azed B oovtrol the IDSFET'S b te brkige

TSI, CURRENT & hitah 36031 bk o) the 1D, DI IEPIs i e "tk e CUMeRT Boul] 10004 the IOSF ETS

SIMULATION INFO
1G0T =+ DPRE 302 a0k e BIRWIN Rt
@ ‘dkablk wanhg br Brge ¢ arakel’
b ‘paroeviage bar
BN IVEBNOB] N ARG
2.Go DAk == Setfaakek Parmeen . Clbkon e laid smbolaid Chooee ‘Dednt,
3.0t Aaht it - A 33k k= 0 TR RECamck ik tr, Exar Sat amplincs a1 Flare! checkbo ke cheched,

ET)

¥
y oac Fiae maigh: @019
I atquerey 5K

E—Y

4 I .
Moname  LICCKBI5_AVG |

el

sl |

65



