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LB T, SEPR I CMOSEU R AR HP R — 5%, HJE, WERIRAT T BN IF R
AR, XEEBREA 2802 nl DLSE Rk
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SIGNAL VOLTAGE

PMOS NMOS
O—| g ALTERNATE SYMBOLS O—| g

E1: MOSFETHXEEHBME 555 EEZENXE

HAPMOST. 2 (CMOS) r] LA 7= H {5 B P4y 18 FIN 5 3 MOSFET ,  I-Bk % #: PMOSHINMOS
B, GRS IMER2FT R IE AR CMOSHK, XM A A R T /> S@Empl, [H
it m] e 7= A S S R ZE L/ MS 2 O HLRE.,
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AR 7RI, Pl 3RS i 2 s 1 5 Bk i Y 5% S L LR P P SELBE

Ron

A

COMBINED TRANSFER

FUNCTION

SIGNAL VOLTAGE

E3: CMOSHXSiEEMESI5SEREZEMXF

ADG8xx ZH|CMOSH & 118X Sl L BHAK T°0.5 QR AT s it Y, SR ADERCK T2l
WK XKLL AT LIS S 400 mARY IR, SRAIL.8 VESS VHL IR (RS E ) ,
HUED & TARIR TG H A -40°CE +125°C, MBI Y G L B 5 10 8 Fim A M5 55 T 2 T HY
KEIME4PR,
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MT-088

S0 SR A A CMOS JF56 426 1 1 SR 25 W PO, P26 Sl , B e fe
EER A SR, )RR, M, R-R R AR A MR,
SRS MR RS, MR, i SROFIR 2 FIFIEIR SR LB,

AALR T e 525 195 —— T R 8 3 B vl — — T EL Lo FR 05 2 PR RS AE (R
It T B R 2 L — — A 2 LR TR TE Bk 1Y B BEL PR 5 6 55 BPAIR S
PR, T L B 2 ML A, PEIG IR 2t T T BB I B 5 KR B M A 0 B T

f— B2

SWITCH

ILKG ||3 ORIs ON

Vour

RLoap

Vour = Vin RLoap +like Rioapn(Ron +Rg)
Rg +Ron +RLoap Rg +Ron +Rroap

IF Rg > 0,

Ron +RLoap Ron +Rroap

RLoap ] ol [ RLoabRon ]

Vour = VIN{

E6: RUFEHKFH TERMEFENER: Ry, R ol

LIFRWIIER, JeHIRTTRES SR 2E, MPE7RR . Tiead DA v BEL A O R i 2 A i
He— A5 O L R 22

SWITCH

L]
Ika = |D OR Is ON
D

Leakage current creates error voltage at V1 equal to:

Vour = ILke * RLoap

: RAAREBTFRFH FERMRENERE: |, FIR o
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FEI8 2 7% 19 2 B IR CMOS I3 A2 W P FIE 125 1 B8 P A AN IR P 28 25 0 — 2 S BcbEfiE
M. EHESEMEGE, SRR, CoRREIEREE). C (M- %)
Crom TR FIR o HIEL A, DA Wt FA A B B

S

D
0'1 Vour
C
Vi I LOAD Rioap

A(s) :[ Rioap ] SRonCps +1
Rioap +Ron s(——RLOADRON ](CLOAD +Cp +Cpg) +1
Rpoap +Ron

2
R
A(dB)= 20IogliR_L°¢] +10Iog[m 2(RonCps)? + 1]- 10logo 2 {[MJ (CLoap +Cp +Cps)? +1

Loap +Ron Rioap +Ron

E8: ZhBMFELE: FHAESHENXF

FESERR T, C X ERBRBAGND THIBR—ANF R, ZFaEHE AW T,
AP Gl L AR /D o Al B[R] Bt RS i A 5 C o M R A YRR R, IR M
IS A5 B

S A AR i AT LS R InE O R IE XK, BRI 7R SR A T A5G I B 1A 05 s
Kl, Z28ROLT, EEzMmBaaC i, Bl aehil, Bk, H 1
Wl KA, JFRRBLEA R AR, k5 A S,

H k55 B HUA Co A AE Fa IR B R PR R — A%, R AERBrIRE T S 8UR
WLl PERE TR, Ik, C RHERMAGSMAE Mz, MEL0FR,
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MT-088

B Bandwidth and DC Accuracy is
deGAIN ¢ poLe Affected By External Rand C

V4

SLOPE =-20dB / DECADE

LOG FREQUENCY — Hz

1

A(s) = [A’A—D—}[SRONCDS 1]
Rioap +Ron s[

M](CLOAD +Cp +Cps ) +1
Rioap +Ron

R R 0.159 0.159
DC GAIN= —LOADTON ~ ¢ = fpoLE = (

)
toap +Ron

M)(CLOAD +Cp +Cpg)
Rioap +Ron

E9: CMOSHX{Ei&EH M FERT THIKIEFE

OFF Isolation is Affected
by External R and C Load
Cps

I g%%{

RLoap

A(S) — s(RLOAD )(CDS)
S(R0ap Cyoap +Cp +Cps) +1

E10: EhEMFELRE: KifkEs

BRMC M FHBRMBEEE, J5&E SMABRBREL B, L1778 50T I R T B
B AR R AR B R, ST BT I 5 di R A e 1] B R 7 SO TR C R/ Y IF R
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OFF ISOLATION - dB

)

SLOPE = -20dB/DECADE

e

CORNERATf = 0.159
(RLoap) (CLoap + CD + CDS)

e

LOG FREQUENCY - Hz

E11: XBfhEESImENX R

Pl12f7R T ADG708 8ifii# % i#% 2 F 2 I BLRI CMOS BT S e i b i, RINATH10 i gk,
MELTRBNILTHE, %S HSMAL0 dBRIFRESRES) . BEE BRI, KA HAMN % /Y
a5 2lkkmihng, SR, BIELEL10 MHzIE, FiR R 53R 40 A 160 dBRYFR B e )

o

Vpp =5V
TA =25°C

A

|
ma
(=]

/
//

A

7

5

A

ATTENUATION - dB
&
=

5

1M 10M
FREQUENCY - Hz

E12: ADG708 8i&iE %58 FHzs X HTiam SIFEIXF
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MT-088

R R GETERE R 75— AN SRS RO TR MR AR AT . B L3R A LA TE A ALY
S G

O

CONTROL
INPUT

Step waveforms of * (Vp — Vgg) are applied to Cq,
the gate capacitance of the output switches.

E13: ZhEBMEEERE: Bl FANRE

2 TR T i N AL, 45 2R 2 o 4 i) ¥R % AE CMOS I 5% MBI R AL 2 A B K ) v e A8 AR (DA
Voo E Vg, RZIFAR), AR XA P A fb 2 i b i - B i 2 C K — A BT EE A TR
Bt o AR AT RO BT IR - TR AR LA R/

L 9T X 2 1 T 36 i B o A R P b SR BR A A, A LA R
AV g RrHE N B HLRT Q. (A AR B P 5 C, ) B ) i 0 8P C, 1 B,

Voo

7

Voo

Vv
our / AVayr
Oy = CL X AVoyr

BE14: EBfEEN XI5 =2 06
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MT-088

TFoR R A B 55— A AL JF 5 T 10 B OR B2 AR ey o XM R ) 2 AE TS At b S B
22, EPREIAIZG . BOHGIS2H &, SIBTHF, CMC,FEME-5V, =S2WiHF, S1
MG, -SVaRFFTCMC, . Pk, BORGFANHSE B —AN-5VIBEE, fEBORES
AR AEC, ANC, e LIRS R0 V2T, i AafE PR, El16H iR Pk Elik
MR iz, DL, FERPIEWIR R A S0P, BORF AR TR SRR — AN )
BB

SCOPE

+15V
%; :}: ADG412
+

A

oV

A AND B ARE 1/2 OP-213

¢ |

E15: BE#EcaEZHBE RSt SHNEE I EREE

SWITCH CONTROL --

5V/div. llllllll
.=I.II==“

AMPLIFIER A OUTPUT
500mV/div.

HORIZONTAL SCALE: 200ns/div.

E16: WA MRET T AR EEESFH IS0 65 %
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BRI RZEMRAEHR, RRACHE, mEL7HR,

BE17: 58K 0988 BRI E 3 i

P18/ T ADG708 81l i CMOS % i 52 Hl a3 Yy L Y e pL PR BE

o

=20

&

ATTENUATION - dB
E &

L
g

1M 10M
FREQUENCY - Hz

[E18: ADG708 8i&iE ik B FzsHI B L SITER X F

&I, JFRAGHE A CHESE, XhRum%iEe, EI9ER T Sk dmt, &
Sz ] a] DA 5 PR DA e g S A F B LB S LA A pR R, R AR X — AN AR e &
g8, JFHREST AR R GRS RE A T R ] RO B, Ik 208R
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S

D
ViN o ;
LOGIC : I

INPUT © CLoap

RonR o
OFF - TO-ON: tsgrr = ton +[ onRLoAD g o cy )(_In /oERROR)
Ron +RLoaD 100

%ERROR)

ON-TO-OFF: tgerr = torr +(RLoaD )(CLoAD + Cp )(—'" 100

Settling time is the time required for the switch output
to settle within a given error band of the final value.

E19: %8 HZs09& k16

RESOLUTION, LSB (%FS) # OF TIME
# OF BITS CONSTANTS

6 1.563 4.16
8 0.391 5.55
10 0.0977 6.93
12 0.0244 8.32
14 0.0061 9.70
16 0.00153 11.09
18 0.00038 12.48
20 0.000095 13.86
22 0.000024 15.25

E20: HERP[RAEIL LSBIFERIFRNEEHME
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Rz FRRHAFF X

P BRI IRR N, JRRRH R — AN EENEIERZER, HR, AReRIFICH R 5 8 i E
BIE . Sl ] Fn oG Wy i ] 22 s il A BT S DI o] B9 (& F8 iR i) — P i 2 de b, &
T IR Bl i e - A 4 rL B b A I ) S AR S B (WL 21), t Rt PR AN B — M R AR DA 1 i) e
N HITIEY Y 50% s Bl 4 A7 5 FL ST F90% st 22 1] T =2 Y

oo

CONTROL ‘
INPUT O
LEVEL
\ ) SHIFTER

ton: torr

@ toy and topr should not be confused with settling time.

@ to\ and topg are simply a measure of the propagation delay
from control input to operation of the analog switch. It is caused
by time delays in the drive / level-shifter logic circuitry.

@ toy and topp are measured from the 50% point of the control
input to the 90% point of the output signal level.

E21: MEBRMAX: HEMEEE

BTk, FMTR% e @O 8% 0 CMOSHF K B £ % 5 F 23 4 tH I o8 R B TRl 78, 24
—/ANCMOS% % 57 F 2545 5 O SR FBOR 236, B ER RS, Sl L B R HAE o A L
JE AR 2 MR R R BON R IR E AR H IR ZE, ME22FR, GRAEEKR, NIRRT
HURA lRE R IR 22, ADRELA R TR RIRE, HIWMER A RES R
%o

Page 13 of 23




QUAD
SWITCH

+10V Viyg © ({'C

+0V V|2 © O’C
+10V ViN3 © O’C

+10V Ving O——O—MNC
LY Ron =

€ ARg) caused by AV| , degrades linearity of VT relative to V.
@ ARQ) causes overall gain error in Vg7 relative to V|, .

E22: MRARMFX: HFFXBALEL (SRS

P 1 Wb P R S EIR BRI, AR 2 i 2 IR B T BB % K
M, nPE23FTR . XA R I SRAL LA Z) 2100 mVTfiAE A +10 VR Hl——3 2 A i
A5 R B — AN ST A FL R

QUAD
SWITCH

MAY BE REQUIRED
10k FOR STABILITY
7o TO COMPENSATE
EFFECT OF Cs

o—MN
10kQ

o—AN o’( o-
10kQ

o—Ay

o o—

10kQ

+10V  0—AMA—1T—0MA-O

Ron =

AVguirey = 100mV — |

€ Switch drives a virtual ground.
€ Switch sees only #100mV, not 10V, minimizes ARq) -

E23: FRABRMFX: #LAR, BIR0E
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MT-088

WA T SREIN 2 8% 2 M S48 SR AN 1 2 /D3 AR, BRURER % mOE iR T
A2 2 TOR A% PR R LA R S . R i A ok, MEOK 25 vl RE 3R A5 A e e I = A Pk
o FIRET BAER ISP RS 3 — A/ DA C R E L,

FEMNPER24F RS, R OABRIE T RE SO B AT IR 22 00, W 4 B B BB 1% % /D e OF
5% Tl HLBHAY 100045, DAPRIIEC. 1% A3 S s i . B m B 2l R B AU RS B, BB AalF
B, IR D HEL IR D L O ) U E

FMER I —FP L A 5 RO AE — AN IS 5 R BOR S R IS LR G, InBEI25 s, A
WifEsE , BAYE R B2 A TS AL R A0 B PR ER R P 7 T RAFURRC, DAL, RORAR
FEMALE G A PME AR E T, PROh S At v BN S 5 v BEL R AH DR ALY

o

o

+10V o O{C

10V o——0-MAN-O—
Ron=
100Q

@ ARg) is small compared to 1MQ switch load.

@ Effect on transfer accuracy is minimized.

€ Bias current and leakage current effects are now very important.
€ Circuit bandwidth degrades.

E24: FHARMAX: BXERERLAR, BI70E
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ALWAYS ON PHASE COMPENSATION
l TO CANCEL EFFECT OF Cs

Swi * \

OAW-0 1}

R110kQ | sw2 o’
[0,

sw3
7o -
Vour
swa
WV o—MA——oMN0— :
CMOS SWITCH | _1_ CsOF

—T~ SWITCHES
A\ J 4

AN 4
A Y4

E25: FIERIFFE: FIE RS ER”
FRFEAR,, SHAE IR E

1 % B 5 T 5 L) L2677 7 BB RO O R RR R A o R A8 5 i A BEL
BUKHN IR, R IR 2,

10V Vg O C’C

+1 OV V|N2 (e, (C

+10V Vin3 © O’C

10V Ving O—+—0MAro—
Ron =
100Q

E26: FARMFX: FIFFRHEEEHRLAR,, IR

CMOSHF 2 Fi1% s 5 1 28 % 5 78 FUROR AR EE &, LA B W AR B4 25 Ok 2% (PGA) ,
T TRR, FHECHERE RO, A1k % B — 27 A L PGAYE . —A AT BBk
BRI E I, Al — M TFGE, R, 4100-500 0, ISR, (EF250
IF, B A 16T IS H2.4%, LESHIKE R R B2 MM, (I Le
%A AL,
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-

625Q 1.43kQ | 3.33kQ | 10kQ
€ Gain accuracy limited by switch’s on-resistance Ry
and Rgy modulation

Ron typically 1 - 500Q for CMOS or JFET switch
For Rgy = 25Q, there is a 2.4% gain error for G = 16

Roy drift over temperature limits accuracy

Must use very low Rgp switches

E27: FCMOSHXirit 7 ZRIPGA

LW MEE"Z R, AU A, (HEEZ Mok i s AR R, XL,
P e R B B — 7 IR R L AFAER WAk LSS . A ERXFMEOL T, RS EmQ
FIR R &7 A B/ IR 72 (55625 QL)

B U A DR R AN BRI LS . fEEI28 Y, TSRS BB R AR A Bk, BT i
TR 2% R A BLBLAEH R, BT 5 R SGR A FHAE T, T e Bt 1 38 3 56 4 AR HEL B o
SEo HER——WRBEHORSG WERRE S, R TRESMEMEB/MIKMRE. mARH
Sifgsetmit, WRTAEV, H—A S R0R B T2

@ Rg) is not in series with gain setting resistors
€ Rg) is small compared to input impedance

€ Only slight offset errors occur due to bias
current flowing through the switches

E28: HFRPGAEEREIRR, BI=0E
Page 17 of 23




1 GHz CMOSH %

ADG918/ADGI91952 H k>R FICMOS T & il ik, HA = b B A4l A A8 miOF HoA R
iK1 GHzg DA EWIFR . EARTAL GHz{E S, X5 I HH B A A4 A 151#€ (0.8 dB)Fn
FAXTE R R SR WT IR g (37 dB)FF 1k, fEfFrt Ry A+18 dBme LT, AR B A25°C = it
PR, BN AR (GaA) FF SR I — Bl LA BRAS B AR %6 . 12940 th 1 Wk 2 1
MUHER], BEI30JE R T B g AL S5 MR Z Al YR R Ak br ]

ABSORPTIVE SWITCH REFLECTIVE SWITCH

ADG918

RF COMMON < ] ; RF COMMON ¢

CONTROLS : CONTROLS

&E29: 1 GHz CMOS 1.65 VE2.75V 2:1 Mux/SPDTH X

ISOLATION (dB) VS. FREQUENCY LOSS (dB)VS. FREQUENCY
T 04
| Vpo=25V 0.8
Ta=25C 0.8
=1,0
=1.2
-1.4
=16
=18
2.0
2.2
24
kY 26

o Ta=25C

[ L1

100k ™ 10M 100K 1G 106G ok 100k m 10M 1008 1G 106G
FREQUEMNCY (Hz) FREQUENCY (Hz}

'\'im 28~ W= 2.5¢

3.2

E30: AD918/AD919 1 GHzFF 3 H R 25 57 220 o7
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MT-088

ADGII8RE—K W sk, HES0 Qi /it I, L5 i AR DL LR DT, ADGI19
MR — kR B IR, B T R R A8 R 2 SR . R SR 3 B R T FE A
(<lpA), HHE/NE5HMSOPHI3 mm x 3 mm5 | IZHE H E3E), H#eACMOS/LVTTLE
B | AN ) R PP SRR R, R TE R FH AN S S O B AR T

CMOSH XML E RREPTFEAB

T 2 8% 5 F SRR AL T80 R 5 RS myiaG, Bk, HiwA—Bok A 6 ——Rh
EMNEEX TR EF AW, 1 XA R85 CMOSE 1SS T A5 ST H
B, REALTEITENRZREMNSE, HESILFIA R CMOSEIHEAH %P1k

% B CMOSEAIIF S JE LU 45 I i CMOS TS . BA 1% BT R BB i B3 107
IR B RS IE B R FE VR 8E T RV, AT B R A 27 A ek 2 B O 2%
(SCR)HIBBL G, RIS 5748 % A (A £ i A F R IRE b Fl )t Pl RE DS 25 AR I B, A R A%
ST REAZRRLE), SRR,

N-CHANNEL P-CHANNEL

S
GATE ? GATE

|

P+

N—
R B\%\.

E31: ZhERCMOSH XaIHEL

5 HESCRULEN P32 7R . IR R 5 Iz — (B 5 s 5 D EE IEV oKk —A B el
B L AV KA R ERERT, B ESCRANME, Al —FMEOL T, V51 1EE B SCRH
B, Hae MR LAE SCRENE, S A ELLV R, V 5IEEE R SCRIA A, I
et iR, E—fOL T, RIEZ A RRREE . BiRERRT WA RS
HURHLBH, FTREAEH /D,
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E32: CMOSHXHIMIR MR B EFNEE
BRI B E£SCRI %4

—mE, A TBIEREABISRME, CMOSSEFRMAAN & TIERKFE3V, WAKRKT
TAJH0.3 V, IHHERE, X—MREIFERGE T RERBI(V,, = V=0 VIR, Hit, 2
ASAFAERE S, 2R iR L RO T A S, SRR AT RE I B . CMOSER Y il 1
FATITE—BIAMAT X — BRI 51 T8 P ot e RBUE R . 5o, EIEFM TR
A HLIR B R4 5-30 mA, Bge T AR 83

AT Bk HBLXARSCRIFABE, AT LLRE— AN By SRV FV SRR, P33R,
CARE X BHAESCRIME LR, EFEILT, FAEMKEQIMQ2Ibetaf (K (E # A 210),
i EAFR R BT HL TR B3I SCR - AR A& Xt B 1) Wb AR HEL TR RE AT BR ), LA 8 SCR,

CR1

+Vpp D’_ ?

—Vss

Diodes CR1 and CR2 block base current drive to Q1 and Q2
in the event of overvoltage at S or D.

E33: CMOSFHFXREI—RERIFFE
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MT-088

IR AR RIS, IS 2% Bt F I A B 0L R TR Y6 BB R 08D — ANV R R, FEfE
{HL R A i, X ARBCRT REAS R G (i

G 7k, CMOSTF 3% 1% B 5 8 T LA % 2 it e B, L7 35 4R A — A ER
B, fOHLHIREIAE R 2RI, W3R, —BIETF5-30mA, BFR AR, JER
HOBELIEBE RS, U A6 TR SR X 25 O BL PG S OB, R 87 4 1 2

+Vpp

CMOS SWITCH
OR MUX

OUTPUT
o//'o

LIMIT OVERCURRENT TO 5-30mA
—Vss

[E34: FIMEREEMESET TR R
— R A ARSI E 3SR, b, BRI MR G RN £ 5 A A HLDR A
JE. ZHAE bR Bl ARG ik A 5 8 i v R R 380.3-0.4 VUL, B BR#E % 1 H 8
FUERIRA. 5, M AREEEREEE, W ARRSSEIMNE _HRERE R

B, MBI, B A T DU AL BR50-100 mABR A ML, TR, R, FE.FH
ATLAAEHAR,

+Vpp

4[5'..—"

CMOS SWITCH
OR MUX

0/0

OUTPUT

4IK]—»

—Vss

BE35: FSrEBHIFE—RETHMA R
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MT-088

% B CMOSZH M N BESDIR 31 M8 A2 M A E =B, RIBRAE T H8irnl
BE. PRI, WEMN HREAE0.6 VIFIFAG S, mHARRAIER AR, Hib, @I
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www.analog.com/zh/adg508
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www.analog.com/zh/adg438
www.analog.com/zh/adg439
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