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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
2um 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
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¥ 1.CMOS DDA®] EWAR|AH 27|
Table 1. Transister size of CMOS DDA

EAR 2| WL i) | EAR2E | W/L ] |EAR) 28| W/L ]
M1~M4| 10/12 | M5~M6 | 94/10 |M7~M8| 34/10
M9 57/10 M10 [157/10] MI11 | 47/10
Mi2 8/58 M13~M14 157 /10| M15 70/5

2-3. A|EYI0|M
A7)1E DDA 32 E opdE1 A g T8
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Table 2. Performance characteristics of CMOS DDA

open-loop gain
gain bandwidth, phase
common mode rejection ratio (p mode)
common mode rejection ratio (n mode)
common mode rejection ratio (d mode)
common mode input range
slew rate
positive
negative
dynamic range
offset A
output voltage swing
&9 Ay

2 A9

69.7 dB
1.6 MHz, 89 deg.
79.0dB
79.0dB
79.0dB
-2 7V~ 437V

172V /s

130V /s
—-14~14V
2my

=50V ~ +4.0V
2.9KQ

2.7

Oste/Time run: 02/24/93 14:37:59

Temperature: 27 0

100 $oeresmnon +eonace

100
1.0n 100 1
s YOB(100) * VP(100)
Frequency

00h 1.0xh 10Kh

100Kh 1.0Mh

3% 3. DDAS oI5 914 B
Fig. 3. Gain and phase characteristics of DDA

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

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

T8l 4. Ai9] B4
Fig. 4. Characteristic of Ai
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4 59 6o YERA ST

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

1Lov

0.5v

0.0v

o] SVWeeaenn
.Oms 0.2ms
© ¥{2) « ¥(100)

0.4 0.0es 0.%as 1.0my

Time

1%l 5. DDA A<t IWE &4
Fig. 5. DDA voltage inverter characteristic
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Date/Time run: 02/20/93 15:19:01 Tempersture: 27.0
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0.0ms 0. 203
* V(1) « V(4) « ¥V(100)
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1% 6. DDA level shifter £4
Fig. 6. DDA level shifter characteristic
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HE7 e 9 324 oM FaFd 9L i
2712 SEolA B HEV|E 2 FE71EN AL
3t} ol S0 XF HE7E @YY HE7R
g o] §&3ig @3
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1% 7.DDAR 74¥ A5 HE7)
Fig. 7. DDA differential integrators

(b) 329 29 dud2E DDA 29 ddd
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o 7] 4 E(s)& % gain-bandwidth productell 7]
A3ty o3 g4 (error function)oli o]¢] A7) E
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V
ps=#[ Vos—Vr—=2 | Vas(1+aVes)  (38)

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

I,=28 (Vo—Vr) Vy (3-9)
Vo= Ve+Vr
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Ix I l
Vx =Vx

(a)

Ix
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2| 8. DDA HA) A&
Fig. 8. DDA grounded resistor

AP Age 2ol3t7] st 19 8(b)ell B
AxY DDA QHEE MOS EdA2E| 9] 429}
=89 Alolol] dAsisch 11 A 2= HGA
A ) A & (voltage-controlled grounded resistor) 2.
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Vx 1
R E= P v 3_
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3-3. AlBai[0| A
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H-AF B SAE 29 99 YA MOS

Date/Time run: 02/20/93 15:09:31 Tempersiure: 270
15UA posmsmaean Areersanaren hesanannaens wperemsemnrae docensannnns Aecsrenes -+
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-1 a¥ -5 -0 .5V 0.0v 0.5v 1.0v 1.4v

w
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Fig. 9. Transfer curve of the DDA grounded resistor for
various W /L

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

Tespersture: 27.0
100 R

-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

1% 10. DDAS OP-AMPE 74 E 2% A 719 &4
Fig.- 10. A DDA and a OP-AMP differential integrator
characteristics
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8! 11. CMOS DDAZ?]| layout
Fig. 11. CMOS DDA layout
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W

% 12, 2% H & 719 layout
Fig. 12. DDA differential integrator layout
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of layout 3+ Th.
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