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ps 7 . 5 -
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O O
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OP Amp - Comparator J|1= (Tutorial) Application Note

35 E0 FAXY (High / Low AW HFE) HOIES S Hion = LSS AS= BEaUd

2 &2 ® 2 High
ZHESHHL(ELELHR)0I OP Amp It & Jtsst =VCC - Vcel - Vbe2 - (R1 x Isource) (3.5.1)
Hor 992 UEHHLICH Mo g2 A ZSMY High  oify, ZH=2 M2 Low O CHEH A20EHLICH
(High oilg ==de)et 2t 2682 Low(low 2 ZS OO A VESRIKCS Z20= EMKAH Q3. Q4.
g58g)= LUt SRPSHE R2 Ot EWELICL ADLAS HHESAFY
ESMAYRAE SHazFYd, MIANY, BolxAH(E= High @t S25IH FHSAMY Low = EHXAE Q4 9
SF)00 Met Metsutt ZaE-0/0IH2F M2 Vced, Q3 © HI0IA-0I0IE 2t
GSo= 2HA OP Amp 2AI Otz HEXO 4558 Hl  Mefvbed, LIOF SHAIXR Isink It 521 s FL
Low ‘=01 OP Amp © Z2&et H2lol Choh &YBtLICt 25 HE R20I QA5 MALBI LABLIC
SAMAHRL OP Amp 2 £ 32 240 Met2dChDd IS EQ low = OIS AO2 LIt CH
IIMBIRUOU 322 THEE EBXAH SO AN ZHEHN Low
HANOZ SXoIISIGh TSt M0l Al MRM = VEE + Voed + Vbed + (R2 x Isink) (3.5.2)
HBHol 421U Ch Figure 3.5.2 Of 4558 il S HMAHC ZHESHLES
Figure 3.5.1 Ol 4558 2 &3 SJt3=2E LIEIYHLICH LIEFLH L CY.
HHE  FE=EY High O ot &AL Figure 3.5.2 0l LIEFL AS0l HERA(VCC), S (VEE)
E2CUTIA VCC SXNIKIS Z2=20= EMXAEH Q1, OFE( SXEIN L= 22 YA =XELICH
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8oz ©“4d™3 OP Amp & Jt& HE=A01358/2904 H 2 Ol Low &l & M2 OtF &2 10mV &It D]
OP Amp o =SSR/ CHoll 44=2taH 2 SLICH 20 Hel GND dIgNXl =83&240| &2 JtsgLIC
Figure 3.5.3 = 358/2904 Al OP Amp 2 &3 Sit3z OOl &8 A3 AT Isink Jt 40uA ECH 3 DS
QLICH == H L High M= S SR M, &5 43 8= Q4 ol S2I| AIFELIC. Q4 Jt
N VCC EXMXIe Z20l= EdIAH Q1,02,Q3 ¥ I Eote O ZRE MY2 Q5 2 ZH - H0IH &2t
HMBHEME R1 Ol EMELICH 0 32IF SEB6H] Mot Q4 2 HiolA - Oi0lE MLULICH UHEEEY
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ZIU &= &2 High et s&stk= 320 U2 20 S6to st MFJIt
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OP Amp - Comparator 7= (Tutorial) Application Note

. B0 0IS X0t LB 2 USLCL OIIM R =1 [k
3.6 Uds L OIS (K 0S5 / 2E RXZ _
o) @1, R2 = 10 kQ, Av = 80dB (10000 Hi)3tE Ol&t=Ql
AEHNAE S2 2 11 LT

OP Amp - HIWDISI+Q2CX}, -2t ShXto X0l & ol
1 11
st 0152 2oisLICh Vour = (11)x —————xV,, =———=10.988 (3.6.3)

= oAl A% K2 X OF 51 X of 1+(1 ) ; 1.0011
OS2 20&sLICH HE FZ2E P4 & Il Ml 0l
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OP Amp - Comparator JI= (Tutorial) Application Note

3.7 S4& AlS HHH CMRR (Common Mode Rejection Ratio)

sS4 45 HAH CMRR(CMRRave)= S&JEFAS B5t G= &= 329 0IS R2/R1 2 HAIEULO. O0IIAM
AZ e =5 A Hst g9 HE OXNE =HIlg CMRRres=Gorr(XtS T Y EEE)/Con(sade SE8)2
NYLICH EHECSZ HOoIH AIEN ARE-OH Us SLICH (A= MeELICH.

CMRR X2 =4 o MO J2AS B8 AIRS 1O
olzd QUAl Moo BI=T AVIO O HISS LIEHHD OP CMRR, =
Amp XHAIS CMRR 2 LIEFWLICH XHAIBE Wge o8 [——=t (3.7.2)

= R1R4
Z2oM 2FLILCL
AV Figure 3.7.1(a) Ol 2 3Z2F A2 CMRRaL 2 2l
CMRR ,,,, = 20log| —M (3.7.1)  (3.7.3)2 EAIELICH
AV,
Ose2 &= 32E F4IS M2 sads HHBIE 1+ G
_ _ _ _ ] CMRR,,, =
S4B ARMYES 01250 S= 2B ALYUS +G R,R,
7+ _— =
IOl M&ol @t (HOl 012 OHX)IF EMWEHA S 5= CMRR ,,,, RR, (3.7.3)
32 AN sSANML0l LMELICH O H& 2xtol 28t
QEA M2 SEIIF A 2 EA M et ME el DlAMHXIE &5 329 s&dsS AL
Otz 2 sS4 &5 HA-I gggs 0"LUt. &= g&s =0 CMRR(CMRRawp)0l 2 OP Amp & AMEHE
329 Mg 22X0 28 CMRRRES = 08 Ale=z MEol DIADRXIo 2ol MeteesE Hds € = ASLICH
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Oletd StASLICH HIIM ZotE 2X= R1 I R3, R2 &
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I\/\/\’ E relative to ;/he inpu\; clorr:moln-mode
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= = CMRR is large (good)
o
(a) 58 sI2& (b) & SANEY BHS
Figure 3.7.1. 28 4 &M CMRR 2 2tAl
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HIBtE =Z3 22| Noise gain (1+R2/R1)2 G1, (R2/R1)S ANZote HE & & USLICE Low Nose OP Amp &
G2 2 S im=in-=in 2 JIEELICH 8H sAZSHLS 22/ MES OP Amp XHAI0| JIRIS et st AR S 0|
Al (3.19.8)22 LIEFLLICE, A HATO U =2 MA SO DHIUT == 2L
QUL B2 ArEELICH
R R
Vi, =+J4kTR,  V,, =J4kTR, (?2) V,, =J4KkTR (1+?2) (3.19.5)
1 1
RZ
Vior =V, (1+—5) (3.19.6)
Rl
) . R,
Vm’— = ln— (Rl // RZ) Vni+ =ln+RS (1+?) (8197)
1
V2 =(V,G,) +(i,RG,) +(i,R, /I R, +4kTR, +(J4kTR G, | +(J4TR,G, ) (3.19.8)
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OP Amp - Comparator 2|1= (Tutorial)

Application Note

Comparator 1257 &S
3.20 S& Al2t (Rising / Falling Al

Comparator 21 SEAI2t0l2t Rising Al2t, Falling AlZt,
Rising &®YXIHAIZE,  Faling XAZXAA2HH 2K
HOolELICh.

Rising Al2t0lgt =S 4&S  &E2l 10%0A  90%0
CYBIIMXIC AlZtS LotH Falling AlZ2H0IEH EAIS
HZ0 90%MAM 10%0 SEotIINRIS Al2tES LELICH
MY RHAAIZHOIE JIEHMLUAN SSHELEZS 50%40

SEOIMAIS Altez AEELICH

HdEXAAIZLE EOte M= Figure 3.20.1 0l LIEHLHSO

JIEEL AT M (UE PSHY)S BHEAIA
=)

S SLICH HERSHA0 HS4= ML HAIZ2
2 AS (3.5[Vppl)E
ICt. Figure 3.20.1 ol

raf

I Crverdrive voltage

Input wawveform

2h &g X AlZh

gl

nU:

Input waveform

Output waveform

Cutput waveform

Comparator 0l= Open Collector EF2(CMOS &= Open
Drain)1t Push pull Et2(CMOS)0l ZIHE LIC

Open Collector (Drain) Et&el SZ2=Z= Comparator
ESH0l High & &6t <8 32I+ &I ol
QIEMECZ pull up & ZRI JASLICEH Pull up &
Ve O 2tS BIZEE22ZM Comparator o M= OE
=Y Highdgs 28 & = UASLIC E& FAF8e=Z

Open Collector EF2 2| Rising Al2t2 21 & Pull up Mt

stEy  E=  JlMsZN QA% AT IS
sLICH

Owerdrive voltage

Vref l

H=L

'
Rise time: tr

Figure 3.20.1. Comparator S & Al 2}

L—H
—_—
'Rise time: tr
VRL
VCC
\ R
+
Vin _ Vout
Vref
7; ) VEE=GND

(a) Open-collector (drain)

VDD

I

7—-|/—7 Vref

(b) Push-pull

75> VSS=GND

Figure 3.20.2. Comparator S8 Al2t S83Z
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OP Amp - Comparator JI= (Tutorial) Application Note

OP Amp € Comparator 8 AFZ2AI2 F2/ &

PEBELAEHS UWEGILD A= OP Amp 2 =HIIE2 L5, HMERAAZN UolM= AEEHO UK 240t
Slew rate Ol 2 Rising Al2tDt  Falling  Al2+0l DNEEEH0 ZERs ARU EXIE Rdols Z2R0=
XIst&E LIC. Comparator AF2E FHEELICL. OP Amp S0l X
Slew rate = FALBASEES M - dHG= A0 2K +Xo 22 XAsUHY ol A= oSt =0l SRZH
Hol& LICH. Comparator 2 32, 4 Ba=20| D] Clamp 2 B300|2EIF 858 AT AW 0 ER=
M0l OP Amp ZC+ HFE Rising Al2t, Falling A2t = EHA2H0l MFIE SEJ| HE0l Comparator 2M AIEE
SggLIt. E£§, e 32 I HetMd= = gt
=

Comparator ZM AlEsJ|0l= =&t &= A o«
ZIELIC LetEoe2 OP Amp Ol Rising Al2tDf HAN
HEXA A2t RFEES ZMoHK &£ XIBH Rising AlZ2t 20 HA2 S ZE=2 Fo0F ELEHLICY.
Falling Al2t0l OlidhAM=E &8 =2 29 Slew rate

A

.

(SR=[V/us])2=2H =H&
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OP Amp -+ Comparator J|=

(Tutorial)

Application Note

4 Azld &=
_ - MM (Machine Model O{&l 2&!)
41 88 Dl U (BSD Uie) Olal 2E2 olX 220 201 210 &I HEO
AZLAE =9 Stuzm EHEI0 e It W&ol ag axez #@ JJ SOM &S Moot e
USLICH IC 0l E&DI(10F 2IotE M MuSa2 =M HSol £ M 2= SaS 28 & ALICH
Olotet &2 8as & = USLILCL Cesp=200[pF], Reso=0[<]
Atsher Z AT Qe #H0IEZ s F]RUAM A0 X2 UASLICH
Tr b MOS 2=x2| H2, Gate A2 DEAHIF ZelBd « COM (Charged Device Model )
AN SELICH. B ME XA HHES 20 35 S 58 W
PN && Ity 2= ZEII0 e WES Eoiots 2HALICH
&Il oo IC RS PN HEN WTHSH MIIH £
HEeo Zntudr LASLIC Figure 4.1.1 Ol QM2 HAZEO 2t0] AIY SI2E
B & LIEIHLICH. 8% Cesb & DAY &0t Resp 2
il JEEMFJHS He= WEFRI s2= Z20 MN&t2 Sot HMots YAAIAH e RFLE &L
SO0 OF YAELICH ANEE2 & 2 o= 40 ool AAEUCH FEIIE
01018 [l Common ZXte VEE ©XHGND ©HAh) Ee=
BIEX M3 H=S AU = FAHEI AEYAY VCC SHAIb LBHAEQILICH S& IC Ol ZB&EII0 st
Z2E2ZM Olotel &§=2E £ = UsLICL BS32E XD AN =2 RN S HFIt
HBM ( Human Body Model QI 2 &) SZ2X UEE A0l ZHH UsLICH BS3I29 dx2
oI R2E 2 oMo CHES Moot BIE XM S0 &858 o FEIIOl o8t MXE Common X2 WM LIJIEE
gH = 42 RS s ez 2 MEu 2st ot= 2W0IH MYLEALS MF BAEE &Eotn USLICH
Lgg gLt 5t CMOS CIHIOIAS] HIOIEN CHEE gHeloe S&S
Cesp=100[pF], Resp=1.5[kQ] 2ZXotIl flof X HE MEs Sl ERE
UASLICH 2532 WlE Figure 4.1.2 0l LIEFEHLICH
R Reso D 2 |
O—W\I— - ‘I "“.‘ r________ACunEmpammth low
circuit ' against the
. } S electrostatic surge.
High voltage Measurement Aﬁﬁ,ﬁiﬁ" = ST S l;ffcrﬂufl
source __— Ceso device p— ‘,‘
circuit E
. VE; ------- cﬂ u-rr;r:L nof-:s inside (?
7 HBM: Ce=zp = 100 pF, Reso = 1.5k = destruction or deterioration
MM: Cesp = 200 pF, Resp = 00
Figure 4.1.2. IC 83&J| 253l 0
Figure 4.1.1. HBM, MM 2I0|AlE 3l&
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OP Amp - Comparator 2|1= (Tutorial)

Application Note

Figure 4.1.3 2 COM A& Sotal2E UtEFYLICE

i

High voltage
source

1
1

\

Measurement device

T

Figure 4.1.3. COM AI& SJt3l2

4.2 Latchup Al

Latch up Ol2t =2 CMOS ClgtolAZ2 RHE IC OIM
LdME = o=z AXZH ZHMSt= I oISt
EMXIAEHIN ®I|XHOl Noise LI &I AlE SS9 A
ML M0 2o SZ6I ol sSHS Lo3IE=
S A LICEH

BEFI A 2 MUEHeE B3R I2XFIE SIH6HN
SYMEL0 D= SS9 &S CEAMOIN, It
QO 25 dRl= dIAS L OFF ot JH
SXoz =6 Mo IIZARE LLIHY S22 M
Latch up O ZME U= B & 5 ASLICH

=4t Latch up 2 IC 2 A AWM layout & =EH2=2
Jll AXte s#S AdMotESE ZAELICH

Latch up Ol CHEh IC 2 WS Eoicts EYH2=Z 0|6t

ZdHS S = USLICH

- 832 Latch up AIE

HE AN 2 ECIHE IC Ol =0 Latch up 2

RRE o LU &H R 234 8FE QIIELICH
Meb Latch up AlE

DAY BAW 2E EcIHE IC ol =0 Latch up Z4

SE =0 UL

L ZEol AMEW UolME a2 8FE 2UH ste 200

O|all Latch up

o NS st
o= =

LICH

Figure 4.2.1 0ll Latch up A& & 2E LIEFHLICEH.

VDD

VSS

Measurement
device

_F'c:wer supply

l

Figure 4.2.1.Lat

chup A& 32
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.co.kr/contactus/

www.rohm.co.kr

© 2016 ROHM Co., Ltd. All rights reserved.
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