ELM99xxxxxC CMOS middle current voltage regulator

mGeneral description
ELM99xxxxxC is CMOS middle current voltage regulator which consists of reference voltage source, error

amplifier, low resistance output transistor, short-circuit protection circuit, thermal protection circuit, output

voltage setting resisters and chip-enable circuit. ELM99 series is characterized with small input/output voltage
difference (with its low resistance output transistor) and high load stability (with its high gain error amplifier).
There are 3 types of CE selection of ELM99 series: non-chip enable function, “L” active and “H” active. The
standard output voltages are 3.3V, 5.0V; these output voltages are fixed internally with high accuracy. ELM99
series can also be made as semi-custom IC within the range of 1.5V to 15.0V by 0.1V step.

mFeatures

* Output voltage range

* Max. output current

 Stand-by current consumption

* Input stability
* Load stability

» Accuracy of output voltage

e Protection circuit

» Package

: 1.5V to 15.0V (by 0.1
: 300mA(Current is limited internally)
: Max.0.1pA(ELM99033xxC)

: Typ.0.1%/V(Iout=40mA)

: Typ.5SmV(1mA<Iout<100mA)

1 £2.0%
: Thermal protection, Short protection
: SOT-89, SOT-89-5, SOT-23, SOT-25

mMaximum absolute ratings

V)

mApplication

 Battery operated devices

* Digital cameras

¢ Video recorders

» Reference voltage source

Parameter Symbol Limit Unit
Input voltage Vin \Y
CE/CE Input voltage Vce Vss-0.3 to Vin+0.3 \%
Output voltage Vout Vss-0.3 to Vin+0.3 \Y
Output current lout mA
500 (SOT-89, SOT-89-5)
Power dissipation Pd 300 (SOT-25) mW
250 (SOT-23)
Operationg temperature Top -40 to +85 °C
Storage temperature Tstg -55 to +125 °C
* Output current must not exceed power dissipation specified in maximum absolute ratings.
mSelection guide
ELM99xxxxxC-x
Symbol
a,b,c Output voltage &8
033: Vout=3.3V,  050: Vout=5.0V
d CE . IE_CE . ELM9 x x x x x C-x
selection 2: CE=“L” active
3: CE=“H” active rrr1rr1
A: SOT-89, SOT-89-5 abcdef g
e Package ’
B: SOT-23, SOT-25
f Product version |C
g Taping direction  |S, N: Refer to PKG file
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ELM99xxxxxC CMOS Middle current voltage regulator

mPin configuration

SOT-89(TOP VIEW)
/ \ ELM99xxx1AC
Pin No. | Pin name
1 VSS
2 VIN
3 VOUT
INERE
SOT-89-5(TOP VIEW)
ELM99xxx2AC
ELM99xxx3AC
5 4
ﬂ /_I_L\ ﬂ Pin No. | Pin name
1 VSS
2 VIN
3 VOUT
4 NC
H H H 5 CE/CE
mStandard circuit
ELM99xxx1xC
_ VIN VOUT
Vin OT ELM99xxx1xC TO Vout
Ci Co
VSS

T

Vin

SOT-23(TOP VIEW)
m ELM99xxx1BC
Pin No. | Pin name
1 VIN
2 VOUT
1] 2] 3 VSS
SOT-25(TOP VIEW)
ELM99xxx2BC
ELM99xxx3BC
5 . Pin No. | Pin name
I_I I_I 1 VIN
2 VSS
3 NC
Ll ] 4 | CE/CE
5 VOUT

ELM99xxx2xC: CE, ELM99xxx3xC: CE
(f Control Voltage

CE/CE

VIN| ELM99xxx2xC |VOUT

ELM99xxx3xC I O Vout

Ci Co

L[ T

* Please connect 1.0uF at minimum for Ci and Co. Ceramic capacitors with 2.2uF or greater are recommended for stability operation.

mBlock diagram

ELM99xxx1xC ELM99xxx2xC: @, ELM99xxx3xC: CE
VIN(]} fy (I)VOUT VIN(I} n % (I)VOUT
WLTvss cTz/CE()—| conuol VSS
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ELM99xxxxxC CMOS Middle current voltage regulator

mElectrical characteristics (ELM99xxx1xC)

Vout=3.3V(ELM990331xC), No CE pin Top=25°C
Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=4.3V, lout=40mA 3.23413.300|3.366| V
Output current Tout Vin=4.3V 170 | 300 mA
Input stability AVout/AVin |lout=40mA, 4.3V<Vin<18.0V 0.02 | 0.30 | %/V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=4.3V 5 15 mV
Input/output Vdif  [lout=40mA 10 | 265 | mv
voltage differential

Current consumption Iss Vin=4.3V, No-load 25 45 HA
Input voltage Vin 2.2 18.0 \Y
Output voltage Vin=4.3V, Iout=40mA, .
temgerature foefﬁcient AVout/ATop Top=-40°C~+85°C +100 ppm/°C
Short circuit current Ilim Vin=4.3V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=4.3V, f=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 oC

temperature

Output noise Vno Vin=4.3V, BW=10Hz~100kHz 30 pwVrms
Vout=5.0V(ELM990501xC), No CE pin Top=25°C

Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=6.0V, lout=40mA 4.900]5.000|5.100| V
Output current lout Vin=6.0V 200 | 330 mA
Input stability AVout/AVin |lout=40mA, 6.0V<Vin<18.0V 0.02 | 030 | %V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=6.0V 5 15 mV
Inputioutput Vdif  [lout=40mA 85 | 220 | mv
voltage differential

Current consumption Iss Vin=6.0V, No-load 30 55 LA
Input voltage Vin 2.2 18.0 \Y
Output voltage Vin=6.0V, lout=40mA, o
temperature coefficient AVout/ATop Top=-40°C~+85°C +100 ppm/°C
Short circuit current Ilim Vin=6.0V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=6.0V, f=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 oC
temperature

Output noise Vno Vin=6.0V, BW=10Hz~100kHz 30 uVrms
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ELM99xxxxxC CMOS Middle current voltage regulator

mElectrical characteristics (ELM99xxx2xC)

12- 4

Vout=3.3V(ELM990332xC), CE="L”active Top=25°C
Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=4.3V, lout=40mA 3.23413.300 (3366 V
Output current lout Vin=4.3V 170 | 300 mA
Input stability AVout/AVin |[lout=40mA, 4.3V<Vin<18.0V 0.02 | 0.30 | %/V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=4.3V 5 15 mV
Inputoutput Vdif  [lout=40mA 110 | 265 | mV
voltage differential

Current consumption Iss Vin=4.3V, Vce=Vss, No-load 25 45 A
Stand-by current Istandby  |Vin=Vce=4.3V 00 | 0.1 | pA
consumption

Input voltage Vin 2.2 18.0 \Y
CE Input voltage High Vceh Vin=18.0V 1.80 Vin v
CE Input voltage Low Vcel Vin=2.2V 0.00 0.25

CE Input current High Iceh Vin=Vce=18V -0.2 0.2 A
CE Input current Low Icel Vin=18V, Vce=Vss -0.2 0.2 H
Output voltage Vin=4.3V, Iout=40mA, o
temperature coefficient AVout/ATop Top=-40°C~+85°C 100 ppm/C
Short circuit current Ilim Vin=4.3V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=4.3V, f=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 oC
temperature

Output noise Vno Vin=4.3V, BW=10Hz~100kHz 30 puVrms
Vout=5.0V(ELM990502xC), CE="L”active Top=25°C

Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=6.0V, lout=40mA 4.900]5.000|5.100| V
Output current lout Vin=6.0V 200 | 330 mA
Input stability AVout/AVin |[lout=40mA, 6.0V<Vin<18.0V 0.02 | 030 | %V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=6.0V 5 15 mV
Inputioutput Vdif  [lout=40mA 85 | 220 | mv
voltage differential

Current consumption Iss Vin=6.0V, Vce=Vss, No-load 30 55 LA
Stand-by ?unent Istandby  |Vin=6.0V, Vce=Vss 0.0 | 0.1 HA
consumption

Input voltage Vin 2.2 18.0 \Y
@Input voltage High Vceh Vin=18.0V 1.80 Vin |
CE Input voltage Low Vcel Vin=2.2V 0.00 0.25

CE Input current High Iceh Vin=Vce=18V -0.2 0.2 A
CE Input current Low Icel Vin=18, Vce=Vss -0.2 02 | *
Output voltage Vin=6.0V, lout=40mA, o
temgerature foefﬁcient AVout/ATop Top=-40°C~+85°C =100 ppm/*C
Short circuit current Ilim Vin=6.0V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=6.0V, f=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 oC
temperature

ut Roige Vno Vin=6.0V, BW=10Hz~100kHz 30 uVrms
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ELM99xxxxxC CMOS Middle current voltage regulator

mElectrical characteristics (ELM99xxx3xC)

Vout=3.3V(ELM990333xC), CE="H”active Top=25°C
Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=4.3V, lout=40mA 3.23413.300|3.366| V
Output current lout Vin=4.3V 170 | 300 mA
Input stability AVout/AVin |lout=40mA, 4.3V<Vin<18.0V 0.02 | 030 | %V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=4.3V 5 15 mV
Inputioutput Vdif  [lout=40mA 110 | 265 | mv
voltage differential

Current consumption Iss Vin=Vce=4.3V, No-load 25 45 LA
Stand-by current Istandby  |Vin=Vce=4.3V 00 | 0.1 | pA
consumption

Input voltage Vin 2.2 18.0 \Y
CE Input voltage High Vceh Vin=18.0V 1.80 Vin v
CE Input voltage Low Vcel Vin=2.2V 0.00 0.25

CE Input current High Iceh Vin=Vce=18.0V -0.2 0.2 A
CE Input current Low Icel Vin=18V, Vce=Vss -0.2 0.2 5
Output voltage Vin=4.3V, lout=40mA, .
temperature coefficient AVout/ATop Top=-40°C~+85°C =100 ppm/*C
Short circuit current Ilim Vin=4.3V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=4.3V, {=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 °C
temperature

Output noise Vno Vin=4.3V, BW=10Hz~100kHz 30 pVrms
Vout=5.0V(ELM990503xC), CE="H”active Top=25°C

Parameter Symbol Condition Min. | Typ. | Max. | Unit

Output voltage Vout Vin=6.0V, lout=40mA 4.900]5.000|5.100| V
Output current lout Vin=6.0V 200 | 330 mA
Input stability AVout/AVin |lout=40mA, 6.0V<Vin<18.0V 0.02 | 030 | %V
Load stability AVout/Alout |ImA<Iout<100mA, Vin=6.0V 5 15 mV
Inputoutput Vdif  [lou=40mA 85 | 220 | mv
voltage differential

Current consumption Iss Vin=Vce=6.0V, No-load 30 55 HA
Stand-by current Istandby  |Vin=6.0V, Vce=Vss 0.0 | 0.1 | pa
consumption

Input voltage Vin 2.2 18.0 \Y
CE Input voltage High Vceh Vin=18.0V 1.80 Vin v
CE Input voltage Low Vel Vin=2.2V 0.00 0.25

CE Input current High Iceh Vin=Vce=18.0V -0.1 0.1 A
CE Input current Low Icel Vin=18.0V, Vce=Vss -0.1 0.1 "
Output voltage Vin=6.0V, lout=40mA, o
temperature coefficient AVout/ATop Top=-40°C~+85°C 100 ppm/C
Short circuit current Ilim Vin=6.0V, Vout=0V 40 mA
Ripple rejection ratio RR Vin=6.0V, f=1kHz, lout=40mA 60 dB
Thermal shutdown Ted 160 oC
temperature

ut noise Vno Vin=6.0V, BW=10Hz~100kHz 30 uVrms
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ELM99xxxxxC CMOS Middle current voltage regulator

mMarking
SOT-89 SOT-89-5 SOT-23 SOT-25
L] 4 b L] 4 b ] i M M
L] j ] jj abced abced
— ¢ — ¢4 = Jo U Ut
a, b : Represents Output voltage range , Package type and CE type.
Symbol Output V?\l;? ge range Package CE Type
60 1.5~4.0 SOT-89 No CE
61 4.1~7.0 SOT-89 No CE
62 7.1~10.0 SOT-89 No CE
63 10.1~13.0 SOT-89 No CE
64 13.1~15.0 SOT-89 No CE
65 1.5~4.0 SOT-89-5 CE=Lo
66 4.1~7.0 SOT-89-5 CE=Lo
67 7.1~10.0 SOT-89-5 CE=Lo
68 10.1~13.0 SOT-89-5 CE=Lo
69 13.1~15.0 SOT-89-5 CE=Lo
6A 1.5~4.0 SOT-89-5 CE=High
6B 4.1~7.0 SOT-89-5 CE=High
6C 7.1~10.0 SOT-89-5 CE=High
6D 10.1~13.0 SOT-89-5 CE=High
6E 13.1~15.0 SOT-89-5 CE=High
6F 1.5~4.0 SOT-23 No CE
6G 4.1~7.0 SOT-23 No CE
6H 7.1~10.0 SOT-23 No CE
6J 10.1~13.0 SOT-23 No CE
6K 13.1~15.0 SOT-23 No CE
6L 1.5~4.0 SOT-25 CE=Lo
6M 4.1~7.0 SOT-25 CE=Lo
6N 7.1~10.0 SOT-25 CE=Lo
6P 10.1~13.0 SOT-25 CE=Lo
6Q 13.1~15.0 SOT-25 CE=Lo
6R 1.5~4.0 SOT-25 CE=High
6S 4.1~7.0 SOT-25 CE=High
6T 7.1~10.0 SOT-25 CE=High
6U 10.1~13.0 SOT-25 CE=High
6V 13.1~15.0 SOT-25 CE=High
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ELM99xxxxxC CMOS Middle current voltage regulator

~1 AN
=L IN\

TECHNOLOGY

c : Represents Output voltage.

Symbol Output voltage(V)
1 4.1 7.1 10.1 13.1
2 4.2 7.2 10.2 13.2
3 4.3 7.3 10.3 13.3
4 4.4 7.4 10.4 13.4
5 1.5 4.5 7.5 10.5 13.5
6 1.6 4.6 7.6 10.6 13.6
7 1.7 4.7 7.7 10.7 13.7
8 1.8 4.8 7.8 10.8 13.8
9 1.9 4.9 7.9 10.9 13.9
0 2.0 5.0 8.0 11.0 14.0
A 2.1 5.1 8.1 11.1 14.1
B 2.2 5.2 8.2 11.2 14.2
C 2.3 5.3 8.3 11.3 14.3
D 2.4 5.4 8.4 11.4 14.4
E 2.5 5.5 8.5 11.5 14.5
F 2.6 5.6 8.6 11.6 14.6
G 2.7 5.7 8.7 11.7 14.7
H 2.8 5.8 8.8 11.8 14.8
J 2.9 5.9 8.9 11.9 14.9
K 3.0 6.0 9.0 12.0 15.0
L 3.1 6.1 9.1 12.1
M 3.2 6.2 9.2 12.2
N 3.3 6.3 9.3 12.3
P 3.4 6.4 9.4 12.4
Q 3.5 6.5 9.5 12.5
R 3.6 6.5 9.6 12.6
S 3.7 6.7 9.7 12.7
T 3.8 6.8 9.8 12.8
U 3.9 6.9 9.9 12.9
\Y 4.0 7.0 10.0 13.0

d : Represents the assembly lot number
1~0, A~Z repeated (I,0,X excepted)
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ELM99xxxxxC CMOS Middle current voltage regulator

mTypical characteristics

* ELM99xxx2xC, ELM99xxx3xC)

VceH-Vin Veel-Vin
14 I I 14
Top=40"C
1.2 )’ 12 Top=-40"C
\
Lo 1.0 X
—~ —T| —
> sl ’V __—T% > 08
= \ S AT
8 06— Top=+25°C_ Top=85C S 06 X
>/ 4 | \
04 04 TOp:+250_C__T0p:+85 OC
0.2 0.2
0 0
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Vin (V) Vin (V)
VceH-Top VceL-Top
1.4 | | 14
12 V=18V 12
| V6.0V '
1.0 —— 1.0
T~ ~ Tl Vin=18V
2 08 — — 2 08 ] /
\ Ty \
S 06 — S 06 j
> | ~—__ > ]\\~
) ' Vin=6.0V
0.2 0.2
0 0
40 20 0 20 40 60 80 40 20 0 20 40 60 80
Top (C) Top (C)
Istandby-Vin Istandby-Top
0.05 T T T 1 0.05 T T T T
Vee=Vin for ELM99xxx2xC Vce=Vin for ELM99xxx2xC
Vee=Vss for ELM99xxx3xC Vce=Vss for ELM99xxx3xC
0.04 0.04
2 ] 2
\2 0.03 P \2 0.03 Vin=18V —
§ / //T‘\ =+85C § \7
S 002 5 9P S 002
\Z L~ kz V6.0V
/ Vi |
n=2.2V
0.01 ~ i 001
Top=40C | Top=+251C
0 0 ]
2 4 6 8 10 12 14 16 18 40 20 0 20 40 60 80
Vin (V) Top (C)
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ELM99xxxxxC CMOS Middle current voltage regulator

* Vout=3.3V(ELM99033xxC)

Vout-Vin 550 Vout-To
334 Top=25°C 334 o
Vin=4.3V, lout=40mA
332
332 Tout=1mA =
/ — 3.30
o Vs T 4/ - =1 I~
S 3.30 X 2 L~
< Z A
= \ 5 3.28
§ 398 Tout=40mA \ g
Tout=100mA 3.26
3.26 304
3.2 . 322
é.O 40 6.0 80 10.0 12.0 14.0 16.0 18.0 40 20 0 20 40 60 80
Vin (V) Top (C)
40 Vout-lout  14p—5°C 40 Vout-lout Vin=4.3V
Y — y
Vin=3.8V
3010y N/ 30 ) >
1= . / 3( Top=+85°C / //
~ -~ Y — 1/
> / >
< 20 /VMJV- Z 20 ’ /,/ C
§ / // N VA;&]\/ Top=40C
1.0 /—V‘m=5.3v 1.0 / Top=25C
//
0 0
0 100 200 300 400 0 100 200 300 400 500
Tout (mA) lout (mA)
Vdif-Iout Ripple rejection ratio
14 80 T T TTITIT T TTTTTm T TTTITm
Vin=4.3VE0.5V, Tout=40mA
1.2 / E 70 Co=2.2uF, Top=25°C
: o
_oco 60
1.0 Top=+85C / g N
Z 08 =105 g B
< Top=t25C / |~ g 40 M
' L 5 30 Mo
04 Z 2
/// & 20
02 A Top:40.oc_ 2 10
0 0 1 2 3 4 5
0 100 200 300 10 10 10° 10 10
ITout (mA) Frequency (Hz)
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=l NN\
TECHNOLOGY Rev.1.0



ELM99xxxxxC CMOS Middle current voltage regulator

Iss-Vin Iss-Top
60 T T T T T 60.0 [ | I I
Vee=Vss for ELM99xxx2xC Vce=Vssfor ELM99xxx2xC
Vee=Vin for ELM99xxx3xC Vee=Vin for ELM99xxx3xC
50 No load- 50.0 No load
40 Top=+85C 400
—~ op= — ~ — L
< g P — 2 Vin=18V s
2 3l Top—2sC 2 300 —— —
2] v
20 200 — Vin=4.3V
o / ’
ﬁ,/ Top=40"C
10 10.0
0 0
0 2 4 6 8 10 12 14 16 18 -40 20 0 20 40 60 80
Vin (V) Top (C)
60 Input Transient Response 60 Input Transient Response
' Tout=10mA, Co=2.2uF ' Tout=100mA, Co=2 .2F
Z 50 Z 50
R= R=
> Vin > Vin
4.0 34 4.0 34
Vot h \>./ Vout lL N E/
v V 33 8 338
: | ;
> >
2 2
0 100 200 300 408 0 100 200 300 408
Time (ps) Time (ps)
35 Load Transient Response 35 Load Transient Response
' Vin=4 3V, Co=2.20F . \in=4.3V, Co=2.24F
34 34
§ Vout § Vout
— 33 — 33 I
+~ +~ ¥
5 O E [
= 32 > 32
3.1 3.1
| Output Current | Output Current
——40mA: —100mA
ImA 10mA
0 100 200 300 400 0 100 200 300 400
Time (ps) Time (us)
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ELM99xxxxxC CMOS Middle current voltage regulator

* Vout=5.0V(ELM99050xxC)

Vout-Vin 50 Vout-Toy
5.04 Top25°C 5.04 e
Vin=6.0V, Tout=40mA
5.02
5.02
Tout=1lmA /
— 5.00 —
%. é» 498
= 4.98 Tout=40mA: > V
4.
Tout=100mA %
4.96 I 4.94
494—%
40 60 80 100 120 140 160 180 4'92-40 -20 0 20 40 60 80
Vin (V) Top (C)
Vout-Iout 550 Vout-Iout in=
6.0 Tlop 5°C 60 ut-1ou Vin=6.0V
Vi=6.0V
5.0 { 5.0
Vie12V
40— 40— Top=+85°C_L/_/
< s N K
< 30 < 30 A
3 2 A\
> 20 > 20 / Top=40C
X : VAR
// Top=+25C
1.0 1.0
0 0
0 100 200 300 400 500 0 100 200 300 400 500 600
Iout (mA) Iout (mA)
Vdif-Tout Ripple rejection ratio
10 80 T TTTTIT T TTTTTI T TTIrm
Vin=6.0V=0.5V, lout=40mA
o 70 Co=2.2uF, Top=25°C
08 Top=+85C ’ % Vi T
g ©
= 06 Top=t25C— 7 g \\
G .=
S pe g I
04 / / 'g 30 N
e N 2 2
02 // i i A B
on=
/ P ~ 10
0 0 1 2 3 4 5
0 100 200 300 10 10 10 10 10
ITout (mA)
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ELM99xxxxxC CMOS Middle current voltage regulator

Iss-Vin Iss-Top
60 T T T T T 60.0 T T ! T
Vee=Vss for ELM99xxx2xC Vee=Vss for ELM99xxx2xC
Vee=Vin for ELM99xxx3xC Vce=Vin for ELM99xxx3xC
50 No load: 50.0 No load
40 (ﬁ o 40.0 -
- op= | — _ =18V -
_'___—— < —T1
<::L 30 / | o 3 30.0 \ J//
~ / Top=+25"C - /2/
2 - 4 T
20 / 20.0 =t Vin=6.0V
“T  Top=40C
10 10.0
0 0
0 2 4 6 8 10 12 14 16 18 40 20 0 20 40 60 80
Vin (V) Top (C)
Input Transient Response 20 Input Transient Response
. T T
I|0ut=10mA,IC0=2 2uF Iout=100mA, Co=2 .2uF
—_ ~ 70
E/ 7.0 E, \
= Vin k= Vin
= 6.0 S 6.0
5.0 5.1 5.0 5.1
S Vat >
A . 0T 50
= v =
o o
497 497
0 100 200 300 400 0 100 200 300 400
Time (ps) Time (ps)
5s Load Transient Response s» Load Transient Response
. . :
Vin6.0V, Co=2.2, F V6.0V, Co=2.2uF
5.1 5.1 '
< N Vout
\>-/ 5.0 Youl E/ 5.0
3 E
o o
= 49 S 49
4.8 4.8
| Output Current | Output Current
—40mA —100mA
ImA 10mA
0 100 200 300 400 0 100 200 300 400
Time (ps) Time (us)
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