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The Design of CMOS DDA and DDA differential integrator
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ABSTRACT

The DDA (differential difference amplifier) of new active element and the DDA differential inte-
grator are designed. The DDA can be improved matching problems of external elements in op-amp
application circuits. The design of DDA is used the transconductance element, differential pair and
24 design rule. In order to evaluate the performance of the CMOS DDA, we simulated the DDA
voltage inverter and the DDA level shifter using the designed CMOS DDA. Furthermore, the
grounded resistor and the differential integrator is designed using the CMOS DDA and we found
that its characteristics are agreed to OP-AMP differential integrator’s. We performed the layout of
the CMOS DDA and DDA differential integrator with MOSIS 2:m CMOS technology,
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Fig. 1. Block diagram for the DDA
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Fig. 2 CMOS DDA circuit

Ed2AdYelx Axe $09 differential pair
(M1~M4) & o] &3l da83d 1, AF AL M5,
M6z o} olETE current mirror{M7~M8)
9 M9, M10, Cc2 743, bufferd (M13~
M14)& 22 &9 Ao 2§ AF3, 3F & &
o 5EHE 28 AR SYHA ot

ZF MOSFET7 238 deloA =#ld] &
AF Ipe b3} g} 02

ID=§ (Vos—V1)? (2-5)
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¥ 1.CMOS DDA? EWAR|AH 27|
Table 1. Transister size of CMOS DDA

EAA 2| WL () | EAR2E | W/L[m] [ESR 2| W/L[@]
M1~M4| 10/12 | M5~M6 | 94/10 (M7~M8| 34/10
M9 57/10 M10 [157/10] M1l | 47/10
Mi2 8/58 M13~M14 157 /10| MI15 70/5

2-3. AlZdlolM
A ¥ DDA 32 & ojd2 Al EH o/ T2
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¥ 2.CMOS DDA 53 B4
Table 2. Performance characteristics of CMOS DDA

open-loop gain 69.7 dB
gain bandwidth, phase 1.6 MHz, 89 deg.
common mode rejection ratio (p mode) | 79.0 dB
common mode rejection ratio (n mode) | 79.0 dB
common mode rejection ratio (d mode) | 79.0 dB
common mode input range =27V ~ +3.7V
slew rate
positive 17.2V/us
negative 13.0V /s
dynamic range —-14~14V
offset A 2
output voltage swing —5.0V ~ +4.0V
&9 Ay 2.9KQ
24 H¥ 2.7 ¥

Oste/Time run: 02/24/793 14:37.59 Temperature: 270
100 4r-vecenee +ernace *

100
1.0n 00h 1.0k 10K 100Kh 1.0mn

100 1
* YOB(100) * WP (100)
Frequency

3% 3. DDA o153 A B4
Fig. 3. Gain and phase characteristics of DDA

Oate/Time run: 02/20/93 14:55:18 Teaperature: 21.0

£

-3 ov 2 -1.ov 0.0v 1.ov 2.0v 3.0v
-

08 4. Ai9] 4
Fig. 4. Characteristic of Al

=3 DDAS] A5 AlE3E7] ke A <leE
2t A A ZE 2 AAs Y transient £ ARE 1
4 59 6o YERA ST

Date/Time run: 02/20/93 15:17:48 Temperature: 27.0
1.8V +

0.4 0.0es 0.%as 1.0my

.Oms 0.2ms
° V{2) = ¥{100)
: Time

1% 5. DDA At AW E E4
Fig. 5. DDA voltage inverter characteristic
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Date/Time run: 02/20/93 15:19:01 Tempersture: 27.0
LR e e el TITTTEC REEEES ORI T R, Herrnemernaane. +
'

+
0.4as 0.Cms 0.8ns 1.0ms

1% 6. DDA level shifter 4
Fig. 6. DDA level shifter characteristic
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719 o] AZE Aol oJEEE UntFHo
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gagle 728 Hoj k. 2y (a) 2= 2
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o] &3tad A&Es}7|7t HA grhe ¢HE 2 U
(b) 3|20 N 2 AYL 33 2o g FHAT

sRC

—V;=V,= 31
Vi—V,=V, SRC1 A% (3-1)
VZ—V1=V0"V (3-2)

Vi—V,

p=—t—L 33

Y RC (3-3)
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1% 7.DDAR 7% 2% H&7)
Fig. 7. DDA differential integrators

(b) 329 29 dud2E DDA 29 ddd
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_ 1 ]
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o 7] 4 E(s)& § 3 gain-bandwidth productei] 7]
Q3te o8 g<4(error function)©]il o]¢} A7) E

A2 R Cg Mg ozN AT + Uk ®
3-2. HX| MEe| 2o
19 8(a)+« triode J QA ExslE MOS Ew

A2E§ Uehith Tridde YAoIN ) =aQ A7
PHA e B e

V
os =8 [ Vos=Vr—=2 ] Vis(1+aVos)  (38)

21(3-8)ol A Vp=Vy, V= ~Vy, Ips=1,8} &3
2](3-9)7} €},

I,=28 (Vo—Vr) Vi (3-9)
Vo= Ve+Vr

Vs

Ix I l
Vx =Vx

(a)

Ix

(b)
2| 8. DDA A=A A &
Fig. 8. DDA grounded resistor

AP Age wolsly] ¢sted 19 8(b)ell B
AxY DDA HEE MOS EdAR2E S 229
=89 Alolo] st 1 A B2 = YA o
A ) A & (voltage-controlled grounded resistor)o.

2 333 A e oe3t 2o

Vx 1
R E= P v 3_
L, 28(Vo-V1) (310)
3-3. AlBai[0| A

MOS Ed | 2H 9] A7]o] @& DDA A A 39
He-AF B5A TAHE 1" 99 YRR MOS

Date/Time run: 02/20/93 15:09:31 Tempersiure: 270
1SUA 4 =ormmmacan Hreeeemnomen homemannene eeemamonoae +oremssnncas Aeemeeeen -+

108 0= n=ewt - - - -
T 1s10 Vi=%0 i
0 =010 N=NY0
=10 V=W

STV YN
-1 av -1V -0V 0.0v 0.5v Loy Lev

w
08l 9. 2 o)E FXH e MOS 7o e 54
Fig. 9. Transfer curve of the DDA grounded resistor for
various W /L

Date/Time run: 02/20/93 14:58:50
100

Tespersture: 27.0
14

-200

O : DOA HEREI
W : OP-AMP RN B

~3004

100 10 100H 1.004 10010 100K oM
« YOB(100) « VOR(200) + VP(100) + VP(200)
Frequency

1121 10. DDAS} OP-AMPZ T4 9 x5 AR7]9 &4
Fig- 10. A DDA and a OP-AMP differential integrator
characteristics
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EWA2H9 dFE DDA dHE 9 75 9%S
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IV. DDA ¥ A= XHE7(9) Layout

233} 3730l A HAE CMOS DDA} 25 2 &7
g 3 13 o] 73 MQOS EdRAEe A7)z B
Bl MOSIS 2m N-WELL CMOS 24 7]¢$& & 83}
o “MY CAD"#}+= layout editor & A}-8-81<] layout
sttt o AMEE ¥ 119 29 129 AA sk
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ZbE ol R T AlZ A Eopl A 7Bl S 4
Zkel OP-AMP+= e Zo] A g W, 3§ 3=z
g HAAT BS 98 239 Ao oy ty, e
Fo 27g dew dvke @FE A Y 2
21} DDAE o] &3}o] o]2) 3 S & 28 AT 4
9 227 e glenr AR Al FE} it
@t He ARE deth

CMOS DDAE AAshed olA &4 AlEAe
Alz=glo] dAE D Fx7) dsta AAZE £
g differential pairg o] €3t zt MOS E &l 2] A€
o] aid 1 dolg 3t o5 SPICER A&
ol et dul, F2 P 19 3, 49 o) 1 EAo) Y
Aol AAlZA S wEER Y, dA" CMOS DDA
o] Ae& Hrstr] fste] AW E 9 HHlH =
e d4d% 3, 7 EAS 19 5, 69 YeRAAC
3 A Y CMOS DDAS A=A 8ol o9} 2%
HE71el dAlel HEgsle 19, 1Y 108 gL &

|E

8! 11. CMOS DDAZ?]| layout
Fig. 11. CMOS DDA layout
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% 12, 2% H & 719 layout
Fig. 12. DDA differential integrator layout

e At 1Y 1028 FE vjad ¢35
S 717 OP-AMPZE FAE aA5HE719 5ol
DDA a5 HE 719 43 A9 X TS & F U
t}. 2322 DDAE ol &3 832 AAA 4R
279 A gaAol g, AL Fo £RE
ARg gt o) 9 Qlrh. 12l L CMOS DDA}
DDA %% HEV]E 2:m CMOS 47144 FH 43
o layout 3t}

gto e draae AAE CMOS DDAY 53
W 9] (dynamic range)7} @432 ol HFAIA
A AAseor & Aoz AlEHETL
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