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ABSTRACT 

When a CCD is used for signal processing, 
multipliers are required to multiply two signals or 
multiply the signal with a weight. The desired 
features of a multiplier. are (a) low harmonic dis­
tortion, (b) wide dynamic range, (c) compatible 
signal levels, (d) small size, (e) low power dis­
sipation, and (f) compatible with the CCD process­
ing, From the design standpoint, many of these 
requirements are conflicting. This paper is a 
study of the design of MOS multipliers with CAD. 
In particular we use the Fourier analysis capability 
of the CAD program to analyze the harmonic dis­
tortion rejection, DR, of the multiplier, 

I. INTRODUCTION 

The multiplication function can be performed 
with MOS transistors operating in the triode 
region, The drain current In of an MOS transis­
tor can be approximated as 

I " D 
2 

a (V GS - V T) V DS t (JV DS ( l) 

where VGS is the gate to source voltage, VT is the 
threshold voltage, V DS is the drain to source volt­
age. a nO. (a, f3) are physical parameters propor­
tional to the width to length ratio and mobility of 
the channel. When the drain to source voltage is 
low, i, e. near the or_igin of the output character­
istics, the square term in Eq, (1) is small and 

(2) 

If VGS and Vns represent two signals, then the 
drain current has a term (a Vcs Vog), which is 
proportional to the product of the two signals. If 
the two signals represented by VGS and Vns are 
substituted in Eq. ( 1) or Eq. (2), there are terms 
other than the desired multiplied outputs such as 
a Vos VT or f3 V DS 2/2. These extraneous com­
ponents of the drain current can be reduced in a 
balancedmultiplier(l) as shown in Figure 1. But the 
signals may contain de bias which must eventually 
be eliminated, One signal is given as V x sin () 
with a de offset Vx. The other signal is Vy sin </> 

with a de offset Vy. The signal Vx + Vx sin () 
is applied to the common drain of 0 3 and 0 4 . The 
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signal V y + V y sin,P is applied to the gate of Q3, but only 
the offset voltage Vy is applied to the gate ofQ4, The 
currents of 03 and 04 can be obtained by substitut­
ing in Eq. (1) Vx + Vx sin() as Vns and Vy + Vy 
sin</> as Vcs for 03 and Vy as Vcs for 0 4 . 

ID3 a ~Vy tV sin¢ - VT ) (V + V sin 9 >] t 3 Y 
3 

X x 

(33 [(vx tV sin 8}
2

] 
(3) 

X 

ID4 "" [(vy - V T4) (VX tV sin</>>]+ 4 X 

f14[tvx + V x sin () ) 
2

] 
(4) 

The differential output current Ino is obtained by 
subtracting Eq. (4} from Eq. (3), assuming identi­
cal thresholds (VT3 = VT4l and physical para­
meters (a 3 = a4, p3 = /1 4 ): 

aV V sin1> X y 

a V V sin () sin 4- + 
X y (5) 

But in a typical MOS array needed for a CCD cor­
relator the assumptions used to give Eq. {5) are 
invalid, so that a four-quadrant sequential multi­
plication operation (2) is needed to eliminate terms 
due to array non-uniformities which degrade re­
jection of the two input frequencies. CAD Fourier 
analysis, however, facilitates evaluation of the 
susceptibility of vayious candidate circuits to de­
gradation of distortion rejection due to MOS array 
nonuniformities. 

II. EFFECTS OF DRIVING IMPEDANCES 
ON THE MULTIPLIER 

For the proper operation of the multiplier, the 
driving point impedance should be low, Otherwise, 
the product current will develop a voltage across 
this impedance which would multiply with the volt­
age at the gate and cause distortion, 

Since the impedance of a floating gate, from 
which the signal is derived is high compared with 
the channel resistance of the multiplier, a buffer 
must be placed between the floating gate and the 



drain of the multiplier, A balanced multiplier can 
be used in conjunction with a source follower buf­
fer as shown in figure 2. 

Let RoB be the output impedance of the buffer, 
then a voltage Ixy RoB would appear at the drain. 

When multiplied by the gate signal V y• an un­
desired product current I" is produced 

I'" «V («V V R ) 
y X y OB 

(6) 

(7) 

This current should be much less than the desired 
product current a V x V y• Let the rejection ratio 
be DR. Then, 

a V V 
X y 

DR 
aV(aVVR ) 

y X y OB 

(8) 

where a = P.C W /L p.= mobility, W /L is the 
OX X X X X 

width to length ratio of the channel of the multi­
plier transistor. For the buffer 

LB 

Rob = "C W B (V . - V ) 
ox GSB TB 

where LB, 1\V B are the length and width of the 
buffer. 

Combining these three equations, we have this 
limitation from the drain buffer 

W /L V 
X X y 

DR J DB 

(9) 

(10) 

In a similar fashion, any impedance in series 
with the gate of the multiplier can develop a volt­
age by virtue of the feed-through capacitance from 
the drain of the multiplier transistor. (3 ) If the 
multiplier gate signal is directly derived frmn the 
floating gate of a CCD with sensing capacitance, 
CFG• the impedance of the driver is the imped­
ance of the capacitance CFG• The voltage feed­
through is equal to VxCgdy/CFG• If the desired 
signal is Vy, the rejection ratio limited by gate 
interaction is simply 

Vy CFG 

v c 
X gdy 

" DR] G (11) 

One way to reduce the adverse effect of the 
feedthrough from the drain to the gate of the multi­
plier transistor is to place a buffer between the 
floating gate of the CCD and the gate of the multi­
plier, Because the gate of the m_ultiplier should 
be tnore negative than the drain for p-channel 
transistors, it is easier to derive the proper d-e 
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voltage with an inve1·ter than a source follower, 
The schematic diagram for an inverter buffer at 
the gate is shown in Figure 3, complete with 
11 dummyn sensing circuits for a·utomatic multiplier 
biasing and clock feed-through cancellation (using 
small resistors in lieu of a differential current 
meter to facilitate CAD modeling). 

Besides a lower impedance, it is also possi­
ble to increase the voltage gain. The output im­
pedance is the source impedance of the load 
device, 02: 

1 
( 12) 

where V GSZ is the gate to source voltage of 0 
2

, 

The feedthrough signal from the drain now becomes 

v 
X 

·c 
JW gdy 

The rejection 

DR J G " 

v 
X 

X 

(13) 

(14) 

III, ANALYSIS OF THE MULTIPLIER WITH 
A DRAIN BUFFER ONLY 

For the proper operation of the multiplier in 
FigureZ the drain of the multipli.::r transistor 03 
should be driven from a voltage source; i.e., the 
output conductance of the source follower {01, 0 2 ), 
should be larger than the conductance of the multi­
plier 0 3 , If the current source 0 2 , is operating 
in the pentode region, the output conductance, 01 
should be operating as a pentode. The output 
conductance is then equal to 

( 15) 

where a 1 is a geometry constant, VGSl is the gate 
to source voltage, VTl is the threshold voltage, 
and gml is the transconductance. If Vx is the 
d-e voltage of the first signal appearing at the gate 
of 0 1 and v3 is the d-e source voltage then source­
follower operation gives: 

V GS1 "VX - V 3 ( !6) 

The drain voltage of Oz is also V3 and the gate 
voltage should be chosen to operate in the pentode 
region, One convenient way is to make the gate 



voltage of Oz equal to V 3 . For equal geometry 
of 0 1 and Oz, 

If the self-biasing effect is small, V Tl ';;' V TZ 

Combining (15), (16), (18) 

This conductance should be larger than the 
conductance of the multiplier: 

diD3 
a 3 (V GS - V T3) g ~ 

dVDS 3 

or 

gm1 ;> g3 

(17) 

( 18) 

(19) 

(20) 

( 21) 

If the two signals are at the 
v - v - v /2 GS1 - GS3 - X 

same d-e level then 
(22) 

Equation (21) can be satisfied if 

If all the transistors have the same threshold 
voltage, then 

(24) 

Since a 1 and a 3 are proportional to the width to 
length ratios, it is desirable to have 

(25) 

Meanwhile, the multiplier transistor must not be 
cut off, i, e. (from eqn. 22) 

v x >2v T 3 (26) 

From the standpoint of linearity, it is desirable 
to use a large amplitude Vx; because the linear 
triode region, where the linear multiplication 
function is performed, should be large compared 
to the signal. Thus, the larger the de signal level 
Vx, the closer the multiplier approximates opera­
tion near the origin of eqn 1 and the better is the 
harmonic distortion rejection. On the other hand, 
a large value of Vx gives rise to large dissipation, 
and the choice of Vx is a compromise between 
distortion and dissipation, 
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The dissipation of the drain-buffered multi­
plier is essentially due to the buffer and is equal 
to 

(27) 

If, to satisfy Eqn (26), one chooses 

( 28) 

Then from Eq. (27), 

(29) 

From Eq. (29), we can see that a lower V T re­

duces the power dissipation. Therefore, a 
< 100> crystal orientation with a low threshold 
voltage should give reduced power consumption. 
A depletion mode transistor should help similarly. 

Another consideration in designing a multi­
plier is the output current, 

The desired output is the product term, 

From ( 19) and (20) 

a3 gml 

sin 8 sin cf>) 

(31) 

Here we see that larger geometry multipliers in­
crease the desired output signal current but only 
up to the point where buffer loading occurs. This 
is in concert with equation (10), which shows that 
distortion rejection performance requires very 
limited loading by the multiplier on the drain 
buffer. 

IV, THE FULLY BUFFERED MULTIPLIER 

With a single (source-follower) buffer to drive 
the multiplier drain, the signal for the gate of the 
multiplier is assumed to be directly derived from 
the floating clock of a CCD. There are some ad­
vantages if an inverter is placed between the float­
ing clock and the gate of the multiplier. a) Voltage 



gain achieved for the signal. b) Reduced cap~ci­
tive feed through from the signal at the drain of the 
multiplier to the gate of the multiplier. While the 
inverter lowers the driving point impedance, gain 
may reduce the d-e voltage developed at the multi­
plier gate and simultaneously increase the ac 
signal voltage there. 

In Figure 3, if the amplifying transistor 01 and 
the load device Oz are of the same minimum geo­
metry and both transistors are operating in the 
pentacle region; then the voltage gain is unity, and 
the output conductance is the transconductance of 
the load device, To operate 01 in the pentacle 
region, the following condition should be satisfied: 

V " V ;;. V - VT! DS! 3 Y 
(3 2) 

Since the :>ame current must flow in both 0 and 
Oz, for pentacle operation we must have 1 

or 

':::: al 2 
11-2 (VGSI-VT!) 12-

"2 
-2-

VDD 

(33) 

But the unloaded voltage gain, Av, of such an in­
verter may be ·approximated by: 

A 
v 

(~) 
2 

1/2 

0 l(VGS!-VT!) 

0 
2 (V GS2 - V T ) 

2 

(;;-) 1/2 

Combing (32), (33), and (34) gives: VDD ;, 

(34) 

(I+ Av) (Vy- VTJ) + VT2 (35) 

For the case of unity gain and comparable thres­
hold voltages, the minimum V DD becomes 
(2 Vy- VT)· AlsO equation (35) indicates that the 
power dissipation of the multiplier gate buffer, 
Pg• increases directly with the voltage gain: 

- 2 . 
Pg" • 1 (VY-VTI) (i+Ay)(Vy) (36) 

Application of eqn (27) to Figure 3 gives 

(3 7) 

Again invoking the requirement that the multiplier 
not be cut-off for the dual buffered circuit of Fig­
ure 3, we find 

(38) 
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To simplify the operation of the two CCD 1s, it is 
desireable to use common clock and bias levels, 
so that one may again want to apply 

* V X ~ V y ~ 2(V T + V ) , (39) 

yielding a combined power per multiplier stage of 

,, [ ,, 2 
P " P d + P g " 2(V T + V ) " 16 (V ) + 

•
1 

(I + Avl (2v'' + v T>
2
] (40) 

The benefits of low threshold and operating volt­
ages are certainly apparent to minimize on-chip 
heat generation. 

V. THE FOURIER ANALYSIS BY CAD 

The distortion error of a ·multiplier can best 
be determined by Fourier analysis as shown in 
Eq. (5), the desired term is the product term. If 
the two input signals are harmonically related say 
¢ == N () , where N is an integer, then the desired 
output is nyx Vy sinO sin NO • From trigonometry, 
this product term can be resolved as a sum and 
difference frequency terms. 

sinO sin N 9 = i/2 [cos (N-1) 0 -Cos (N+l)OJ 

(41) 

All other frequency components are undesirable. 
The distortion rejection ratio can be defined as 

DR" 
V2 (fG-fD) + V2 (fG +fD) 

(NYQUIST) 

~ ~ [2 f 2 f (m, p) " 2 V (mfD- o> + V (pfG- D) 

+ v
2 

(fD) + v
2 

(£0 ) + v
2 

(p£
0 
±mfD~ 

(42) 

The different frequency components of a 
Fourier Analysis can readily be obtained with a 
CAD program. 

VI. RESULTS OF CAD FOURIER ANALYSIS 

Many circuit configurations were considered 
and evaluated by means of CAD Fourier analysis, 
including (i) MOSFET circuits consisting of all the 
same type devices requiring no extra fabrication 
steps beyond those needed to make CCD 1 s, (ii) 
circuits incorporating depletion mode devices, 
(iii) complementary MOSFET circuits, (iv) com­
bined MOS and bipolar circuits, and (v) permuta­
tions of all the preceeding. The MSINC CAD pro­
gram developed by Standard University was used 
for all non-bipolar circuits. To best illustrate 
important aspects of the CAD Fourier analysis 
technique, we have selected one of the many circuit 
configurations studied: in particular, a fully 
buffered MOSFET circuit fabricated completely 



within a typical CCD manufacturing sequence, 
featuring complementary operation as shown in 
Figure 3. Most of the significant data from four 
different computer runs for the selected circuit 
(PCWCO ::: PMOS correlator with complimentary 
operation) are presented in Tables 1 ~hrough 4, 
where the bottom-most harmonic listing describes 
the single multiplier current (!4 :::(VS, 17)-;- 10 
ohms) while the harmonics above that give the 
differential output current. A summary of the CAD 
data is then listed in Table 5, to facilitate com­
parison with the preceeding general analysis. 
For the purpose of the CAD Fourier analysis, all 
other CCD clocks and switches (like the floating 
clock switch) are assumed to be in the state they 
would occupy at the time of anlalog readout, 
Furthermore, although the a-c-signal surface 
potential variations in a CCD typically exceed one 
volt amplitude, considerable attenuation of that 
amplitude due to parasit_ic capacitive loading has 
been incorporated into the model by setting the 
applied sine-wave signals at one-quarter volt peak­
to-peak, (Tabulated amplitudes are from center to 
peak,) Both the ac and de conditions used in the 
model closely approximate those observed in our 
own non-destructive parallel read.:.out ceo( 4). 

Run PCWC0-4-3, shown in Table 1, describes 
a PERFECTLY UNIFORM array with the CCD 
operated to give an ac HFat Zero11 level of about 
ten volts on the floating clock. In Table 2 (Run 
PCWC0-4-5) a nonuniform multiplier threshold 
offset of 0. 25 V. is introduced, and the effects 
are comparable to such an offset in the floating 
clock/gate buffer circuit. A 0. 25V, threshold 
offset nonuniformity in a floating clock/drain buf­
fe:r is contained in Table 3 (PCWC0-4-6). The 
final run (PCWC0-4-2) shown in Table 4 is again 
a perfectly unifo1•m array but with higher voltage 
operation. The summary of results (Table 5) 
accentuates the following conclusions: 

(l) The theory of the SEQUENTIAL four-quadrant 
multiplier nominally requires only a single 
transistor, not a differential matched pair. 
Table 5, however, ·shows that rejection of the 
input drain signal would be substantially more 
difficult by around 80 dB, (i.e., the sequential 
cancellation of two extremely la.rge quantities 
is required.) 

(2) The differential circuit enhances the rejectiot~ 
of the drain signal second harmonic by at least 
20 dB over the single FET multiplier. 

(3) .An increase from lOV. to 12V, for the ac Fat 
Zero level nearly doubled the power consump­
tion per multiplier but did not proportionately 
improve the distortion rejection, d-ue to the 
resultant loading (see #7 below). 
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(4) Two identical minimum-geometry devices as 
biased in the inverter give a gain around half; 
while two identical larger devices give a 
slightly larger gain as source followers. The 
inverter was just barely into the pentode re­
gion, which may be cured by a larger Von 
bias, that increases power consumption. 

(5) Array nonuniformities which introduce multi­
plier source-drain offsets will degrade re­
jection of the input gate frequency and the 
intermodulation of the gate frequency with the 
second harmonic of the drain signal as well 
as the drain signal and its second harmonic to 
a smaller extent. 

(6) Array nonuniformities which introduce multi­
plier differential gate offsets degrade rejec­
tion of the input drain signal and its second 
harmonic. 

(7) The limited range tabulated for loading (A) by 
the multiplier on the drain buffer falls totally 
within the region that the source-follower 
buffer gain (An) is being degraded by the 
multiplier load: 

g R 
A ::: m s 

D I+ g R 
m s 1 + gds/g 

m 
~I 

(43) 

This equation describes the tabulated correlation 
between AD' .\ , and, consequently, the desired 
output signal via eqn (31). Since this group of runs 
does not involve greatly reduced loading, there 
is no apparent relationship between distortion re­
jection and.\ ; and eqn (10} is not truly applicable. 

Some of the more promising configurations 
are now undergoing experimental hybrid-device 
laboratory evaluation, The observed character­
istics closely match the CAD Fourier Analysis 
predictions like those exhibited in Tables 1 through 
5, Figure 4 illustrates the typical output of a 
minimum geometry PMOSFET pair with 

5lmV, DCand0.2V at 1KHz 
PP 

3.96ZV. DCandO.ZV at 5KHz 
PP 

VSB 11.78 V,DC and 6VG = 14ZmV, 

VII, SUMMAR Y/CONCLUS!ONS 

CAD Fourier analysis of analog multiplier 
arrays for CCD signal processing facilitates com­
prehensive study of most practical device con­
figurations before commitment to mask layout is 
required, The CAD Fourier analysis technique 
helps evaluate many trade-off options and 



interactions between the following: (1) Device 
technology such as simple MOS, MOS with deple­
tion mode FET 1 s, CMOS, and MOS with bipolar. 
(2) Area and complexity of each buffered multi­
plier circuit, (3) Circuit performance to include 
drive and signal compatibility with the associated 
CCD's, power consumption, output signal 

amplitude and distortion rejection, and suscepti­
bility of circuit performance to array nonuniform­
ities. 

Computer predictions and laboratory multichip 
hybrid models agree rea,sonably when such com­
parisons are possible. 
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Table 1. Perfect Uniform Array, No Offsets (PCWC0-4- 3) 
TIME IU 200U 

R
R

8
A 

9
a I7 ID 

17 IO 
C8 8 0 5P 
C9 9 0 SP 
CI6 I6 o .sP 
CI7 17 0 5800U 
ClO 10 0 ,sp 
9I BPI 3 2 G 0 .7H ,7H 0 0 ,07P ,Q7P 
02 BPI ~ ~ J 0 .7H ,7H 0 0 ,07P .07F 
9~ BPI 16 3 S 0 2o8M .7H 0 0 .ZBP .Z8P 
05 BPI I6 IO 9 0 2,BH .7M 0 0 o28P .28P 
Q3 BPI 10 7 0 0 ,7H .7H 0 0 .07P ,Q7P 
QG BPI ~ ~ 10 0 .7M ,7H 0 0 .07P ,07P 
QI~ BPI 16 17 0 0 I~M .7H 0 0 .07P ,07F 
GIS BPI 17 17 0 0 I~H ,7H 0 0 .07P ,07P 
9I6 BPI 7 6 IG 0 I~M .7M 0 0 ,07P ,07P 
017 BPI 7 7 17 0 I~H .7M 0 0 ,07F ,07F 
BPI PMO VT0:-2 UB=250o6E~o.15 COX:23N ONB:IEI5 XJ0:,3H GDS=2 CSS=,5P 
BFZ FHO VT0:-2,25 UB=250o6E~o.I5 COX:23N ONB:IEIS XJ0:.3H GOS:z CSS:,SP 
v~ ~ o -20 
V7 7 0 ·10 
VSIN 6 0 ,125V 6KHZ 0 ·10 
VSIN 2 0 ,125V 30KHZ 0 ·IO 
FLOT VOUT 8 9 
PLOT ·yo 16 0 
FLGT V3 3 0 
PLOT VB 8 I7 
PLOT VG 3 10 
PLGT V17 I7 0 
FOR 30U 196,667U 20 
END 

NODE VOLTAGES --
1 01 .oooo 
I 61 ·10,0000 
1101 -8.78~6 

OP, PT, 

I 21 
I 7 I 
1161 

-IO.OOOO 
-10.0000 
-~.~62~ 

TRANSISTOR 
NAME TP vas vas 

-10,0000 

I 31 
I 8 I 
117 I 

-8.78~6 Ql p 
02 p -ll.215~ -11.215~ 
Qq p 
Q 5 F 
03 p 
06 p 
Olq p 
QIS P 
016 F 
Ql7 p 

ORDER HARM 

VB9: 0 
I 

~ 
q 

~ 
7 
8 
9 

10 
ll 
I2 
13 
IQ 
15 

H 
18 

1a 
V817: 0 

I 
2 
3 
q 
5 

~ 
8 
9 

IO 
ll 
12 
13 
IQ 
I5 
16 
17 
18 
I9 
20 

-~.3221 
-~.322I 

-1o.oooo 
-ll.215~ 

-lt.Lf62Lf 
-~ ,q62~ 
-5.5376 
... 5.5376 

-.ocao 
-.ocoo 

-8.78~6 
-11.215~ 
-q.~szq 
-q,q62q 
-5.5376 
-5. 537& 

DSINE COOSINE 

.oooo 
o2022•09 
.1!19-09 

-.z9qz-oe 
.n57-06 

-. 7262-08 
·226~-06 

-.!6~5-09 
-,zq%-09 
-.1008-09 
-.1678-09 
-.2007-09 
-.7872-10 
-.5805-10 
-.2275-10 
-.6252-10 
-.2663•18 
-,Q5QQ-I 
-.2519-10 

::m~=t8 
.oooo 
.7~66-05 
.2073-06 

-.6232-08 
.~q~7-06 

-.8786-08 
·2117-06 

-.168~-09 
-.H96-09 
-.7~67-10 
-.!028-09 
-.17~7-09 
-.602~·10 
-.~363-10 
-.3691-10 
-.5933-10 
-.5602-10 
-.6512-10 
-.6212-10 
-.6883-10 
-. 8110-10 

-.1267-10 
.1209-09 
.5sq~-11 

-.1109-08 
-.8919-07 
.1737-08 

.,qQ69-06 
.2663-08 
-.76~9-09 
-,q966-09 
-.3~98-09 
-.372~-09 
.... 3059-09 
-.3812-09 
-,3q82-09 
-. 3593-09 
:;HH:8§ 
-.3951-09 

=:~m:s§ 
.2722-06 
.1590-oq 
.1723-06 

-.1670-08 
-.8296-07 

.zsJq-os 
-.3800-06 

.3758-08 
-.q339-09 
-.1873-09 
-.5aq6-IO 
-.sq12-10 
-.2233-10 
-.6039-10 
-.~635-IO 
-.~~28-10 
-.5300-10 
-.3799-IO 
-. 5262-I 0 
-.~~81-10 
-.6068-10 

39 

~~ 
91 

-zo.oooo 
-~.~62q 

VSB .oooo 
-8. 78~6 

IDSIHAI 
-.1291 

-~.462~ 
-'1.'162'1 

.oooo 
-8.18~6 .aooo .a coo 
-&~.14621( 
-~.~52q 

HAONITUOE REL HAG 

.1267-10 5.3795 

.2356-09 100.0000 

.3120-09 132.~3£1 

.31q5-08 133~.8697 

.~8~0-06205~39.9595 

.7~67-00 3169.5~22 
,q6s6-C619765s.oq27 
.2668-08 1132,3g~9 
.BO~G-09 3~1.53q5 
.5067-09 215.0972 
.3679-09 16~.6712 
.~230-09 I79.5752 
o3158·09 13~.0631 
,3856-09 163.6592 
.3~89-09 1~8.1193 
.36n-o9 15~.8230 
.378~·09 160.t288 
.3561-09 151.1591 
.3959-09 168.0653 
.37~3-09 I58.885q 
.ql72-09 177.09~3 

.2722-06 1.5~9~ 

.I757·0~ 100.0000 
.2695-06 1.53~1 
.6~51-08 .0367 
.~52~·06 2.57~7 
• 9232-08 ,0525 
,q35o-o6 2.~758 
.37fi2-08 .021~ 
.~590-09 .0026 
.2017-G9 .0011 
.1183-09 ,0007 
.1829-09 .0010 
.6~25-ID .ooo~ 
.7~62-10 .ooc~ 
.5926-10 .0003 
.7~03-10 .ooo~ 
.7712-IO .ooo~ 
.7539-IO .oco~ 
.81q1~10 .0005 
.8213-10 ,0005 
.1013-09 .0006 

-.129I 
-. 0000 
-.ooco 
-.1291 
-.1291 
-.3026 
-.3026 
-.3026 
-.3026 

PHASE 

180.0000 
-59.1188 
-88.7~30 
110.6585 

-l00.615I 
76.5503 

·15C.9C82 
3.5362 

161.9263 
168.5307 
151(.3125 
151.6817 
165.5675 
111.3~06 
176.2£2~ 
170.1300 
175.96~9 
112.6681 
176.3E28 
.176 .76I9 
1Ho97U 

• 0000 
-2s.1ns 
-S0.2653 
IOS.OCC9 

-100.5(;71( 
72.12!:9 

-1 so. 8732 
2.5£58 

160.9762 
158.ZE71 
ll9.6193 
I07.2119 
110.3359 
11(1(.0!33 
Hl.~682 
126.73~6 
133.~10~ 
12C.2568 
l30.2G76 
123.0£63 
126.8057 



Table z. An Offset (0. ZSV) Multiplier Threshold (or Floating Clock/Gate Buffer) (PCWC0-4-5) 

TIME 1U 200U 
'RA8!710 
RS 9 I 7 10 
ce a o SF 
C9 9 0 SF 
Cl6 16 0 .SF 
c11 11 o seoou 
CIO 10 0 .SF 
01 BPI 3 2 0 0 .7M .7M 0 0 .07F .07F 
02 BPI ~ ~ 3 0 .7H .7M 0 0 .07P .07P 
0~ BP2 16 3 8 0 2.8H .7M 0 0 .28P .28F 
05 BPI 16 10 9 0 2.8M .7M 0 0 .28F .28P 
Q3 BFI 10 7 0 0 .7H .7M 0 0 .07F o07F 
Q6 BPI ~ ~ 10 0 .7H .7M 0 0 .07P .07F 
014 EFI 16 17 0 C 14M .7M 0 0 .07P o07P 
015 BPI 17 17 0 0 l~M .7M 0 0 .07P .07P 
016 BPI 7 6 16 0 14M .7M 0 0 .07P .07F 
017 BPI 7 7 17 0 l~M .7M 0 0 .07F .07F 
BFI FMO VT0:-2 U0:250•6E~, ol5 COX=23N DNB:IEIS ,XJQ:.3H GOS:2 CSS:.sp 
BFZ FMO VT0:-2.25 UB:25Q,6E~t.IS COX:23N ONB:1EIS XJD:.3H GOS:2 CSS:.sP v q q 0 -20 
V1 7 0 -10 
VSIN 6 0 .!25V 6KHZ 0 -10 
VSIN 2 0 .!25V 30KHZ 0 -10 
PLOT VOUT 8 9 
FLOT VD 16 0 
FLOT V3 3 0 
PLOT VB 8 17 
FtOT VG 3 10 
PLOT Vl1 17 0 
FOR 30U 196.667U 20 
END 
NODE VOLTAGES --

1 Ol .0000 ( 2) 
( 7 l 
(16) 

( 6) -10.0000 
110) -8.78~6 

TRANSISTOR 
NAME TP 
Ql p 
Q2 p 
04 p 
Q 5 F 
03 p 
G6 F 
014 F 
015 F 
016 p 
017 p 

ORDER HARM 

V89: 0 
1 
2 
3 
q 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

V817: 0 
1 
2 
3 
q 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

OP. PT. 
VGS 

-10.0000 
-11.2154 
-4.3221 
-~.3221 

-10.0000 
-11.2154 
-4.~624 
-'1 .'162'1 
-5.537b 
-5.5376 

DSINE 

• 0000 
-.1S72-05 
.1780-07 

-.3536-08 
• 5000-06 

-.7eeq-oe 
.2380-06 

-.zo1q-o9 
-.2840-09 
-.2433-10 
-.!950-09 
-.toGe-og 
-.8853-10 
-.63~3-10 
-.2068-10 
-.6626·1r 
-.2!46-H 
-.qqQS-10 
-.1930-10 
-.1302-10 
-.3011-10 

.oooc 
• 5996-05 
.2301-06 

-. 6963-08 
.q674-06 

-.9471-08 
.2225-06 

-.2068-09 
-.1825-09 
-. 2982-11 
-.1268-09 
-.8699-10 
-.6962-10 
-.q8a7-IO 
-.3497-10 
-.6208-10 
-.5121-10 
-.6389-10 
-.5669-10 
-.6132-10 
-.7521-10 

-10.0000 
-10.0000 
-~.4624 

VDS 

( 3) 
( 8) 
( 17 l 

-8.7846 
-11.2154 

-.oooo 
-.oooo 

-B.7846 
-11.21Sq 

-q.4624 
-•·~62q 
-5.5376 
-5.5376 

COD SINE 

.2281-07 
-.3350-05 
.J4q3-07 

-.1335-08 
-.9383-07 

.2166-08 
-.q278-06 

.2978-08 
-.8711-09 
••• 964-09 
-.4233-09 
••• 618-09 
-. 3708-09 
-.lf597-09 
-.4199-09 
-.Lf352-09 
-.4554-09 
-.Q282·09 
-.q779-09 
-.4523-09 
-. 5015-09 

.3020-06 
.!277-04 
.1911-06 

-.1926-08 
-.8730-07 
.3310-08 

-.3995-06 
.lfll'l-08 

-.5348-09 
-.! 866-09 
-.1269-09 
-.1373-09 
-.8242-10 
-.1334-09 
-.1129-09 
-.!lq7-09 
-.125'1-09 
-.1076-09 
-.1295-09 
-.1177-09 
-.HOS-09 
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VSB 
.oooo 

-8.7Bq6 
-q.462q 
-q.q6zq 

.oooo 
-e.7eq6 

.oooo 

.coco 
-lt .. '162't 
-q.q6zq 

MAGNITUDE 

.2281-07 

41 
91 

IDSIMAI 
-.1291 
-.1291 
-.oooo 
-.CCC>C 
-.1291 
-.12~?.1 
-.3026 
-.3026 
-. 3026 
-.3026 

PHASE 

.6164 
.3701-05 100.0000 

.-oooa 
154.85.9 
-50.9759 
11(.6825 

.2292-07 

.3779-08 
.5088-06 
.8176-08 
.•a9S-o6 
• 2985-08 
.'3163-09 
.l!970-09 
.4661-09 
.qTq0-09 
.39!2-09 
.4641-09 
.t!20'l-09 
.4402-09 
.qs59-09 
.ct305-09 
.4783-09 
.q52s-o9 
.502q-o9 
.3020-06 
.1q11-oq 
.2991-06 
• 7224-09 
.1!755-06 
.1003-07 
.4573-06 
.'ll19-08 
o%50-09 
.1867-09 
.1808-09 
.1625-09 
.1C79·09 
.1421-09 
.1182-09 
.1308-09 
·1355-09 
.1252-09 
.!414-09 
.1327-09 
.1593-09 

• 6192 
.1021 

13. H 77 
.2209 

13.2278 
• 0 80 7 
.0240 
.0134 
.0126 
.0128 
.0103 
.0125 
.Oil q 
.o 119 
.0123 
• 0116 
.0129 
.0122 
.0136 

2.1403 
100.0000 

2.1198 
.0512 

3.3701 
• 0711 

3.2409 
.0292 
.0040 
.0013 
.0013 
• 00 1?. 
.coca 
.0010 
.ooo 8 
.0009 
.0010 
.0009 
.0010 
.0009 
.DOll 

-100.6284 
74.6347 

-150.9148 
3.Bf95 

16!.9435 
177.1941 
155.2638 
166.906 
166.5725 
172.1436 
177.1797 
171.3428 
177. 302 4 
174.1266 
177.68H 
176.3511 
176.5637 

.OQCO 
-2s.1q77 
-SC.2E23 
105.'1586 

-100.5792 
70.7340 

·15C. 8614 
2.8701 

161.1563 
179.CBn 
134.5672 
147.6362 
139.8150 
159.8611 
162.7867 
151.2673 
157.788q 
1.9.3039 
156.3Gq3 
152.q977 
151.8328 



Table 3. An Offset (0. ZSV) Floating Clock/Drain Buffer (PWC0-4-6) 
TIME 1U 200U 
RABI710 
RB 9 17 10 
CB 8 0 5P 
C9 9 0 SF 
Cl6 16 0 ,sp 
Cl7 17 0 SBOOU 
ClO 10 0 ,5p 
01 BFI 3 Z 0 0 .7H .7M 0 0 ,Q7P ,Q7P 
OZ BPI ~ ~ 3 0 ,7M ,7H 0 0 .07F .07P 
0~ BPI 16 3 8 0 Z.BM .7M 0 0 .ZSP .zap 
OS BPI 16 10 9 0 2,BH ,7M 0 0 .ZBP ,zap 
03 BFl 10 7 0 0 .7H .711 0 0 .07P ,07P 
06 aPl ~ ~ 10 0 ,7H ,7M 0 0 .07P ,07P 
Olq BPI 16 17 0 0 1qM ,7M 0 C ,07P .07P 
015 OF! 17 17 0 0 I~M ,7H 0 0 ,Q7P ,Q7P 
016 BPZ 7 6 16 0 l~M .7M 0 0 o07P ,07P 
017 BP1 7 7 17 0 lqM ,7M 0 0 .Q7P ,Q7F 
BPI FMO VT0:-2 U5:250o6Eq,,lS COX:23N DNB:lEIS XJO· 3M oos-z css- <p 
~~zqpgo_~J0:-2.Z5 UB:250o6£q,,lS COX:Z3N DNB=lEIS xjo:.3H GOS=2 CSS:,sp 

V770-IO 
VSIN 6 0 .125V 6KHZ 0 ·10 
VSIN 2 0 oi2SV 30KHZ 0 ·10 
PLOT VOUT 8 9 
PLOT VO 16 0 
PLOT V3 3 0 
PLOT VB 8 17 
PLOT VG 3 10 
PLOT Vl7 17 0 
FOR 30U 196.667U 20 
END 
NODE VOLTAGES--

1 01 .oooo 
( 61 -10.0000 
1101 -B.7Bq6 

( 21 
I 71 
(161 

TRANSISTOR OP, PT, 
NAME TP VGS 
01 p -10.0000 
02 p -11.2154 
Q4 p -4,3345 
Q5 p -~.331.!5 
Q3 p -10.0000 
Q6 p -ll.215q 
Ql q p .q,~501 

GIS p -4.4501 
016 p -5.6875 
Ql 7 p -5 .s~ 99 

-10.0000 
-10.0000 
-q.3125 

VDS 

( 31 
I B I 
( 171 

•8,78Q6 
-11.2151.! 

.1376 

.!376 
•8,78q6 

-11. 215q 
-q. 3125 
-1.!.'1501 
-s.6B75 
-5,SQ99 

ORDER HARH OSINE CODSINE 

V89: 0 .oooc .1sq1-C8 
1 ,8261-09 .!116-08 
2 -.87S6-09 -.lq0!-08 
3 •,7616-08 -.2560-08 
q .q~2G-o6 -.8350-07 
5 .1303-05 -.9~19-06 
6 .2106-06 -.3787-06 
7 -. 62'11-09 ,6808-08 
8 .1999-09 -.2778-09 
9 -.111q-o8 -.1837-08 

10 -,1qs2-08 -,13qq-o8 
11 •,25Q1-09 -. 8337-09 
12 .86 75-10 -.1011-08 
13 -.1505-09 -.7970-09 
lq -,1652-09 -.7133-09 
15 -.125Z-09 -.88Q8-09 
16 -.1996-09 -.9289-09 
17 -.1335-09 -. 8999-09 
18 -. 7761-10 -.8960-09 
19 -.1057-09 -. 9522-09 
zo -.1225-09 -.9Q25·09 

V817: 0 • 0000 .3273-oq 
1 .8068-05 .1719-0q 
2 -.3012-07 -.2512-07 
3 -.6Z21-07 -.IGQ0-07 
q ,qqao-oG -.8402-07 
5 .!231-05 -.aa~e-o£: 
6 .191Z-06 -,3q32-06 
7 -.1558-08 .2161-07 
8 .5230-09 ,6807-09 
9 -.6739-08 -.6865-08 

10 ·, 3902-08 -.18Z5-08 
11 o3H3-08 -.9270-09 
12 ,2Q86-08 -, 21q 9-08 
13 -.lo8q-o8 .1038-08 
lq -.483q-o9 .1 aao-o8 
15 -.2866-09 -.106Q-08 
16 -.1321-09 -.1752-08 
17 -.1055-09 -.5098-09 
18 .1013-08 -.5513-09 
19 -.2817-10 -.G32q-o9 
20 -.6564-09 .1200-09 
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q I 
9 I 

-20.0000 
.q,qSQ1 

VSB IDSIHAJ 
.en on -.1291 

-B.78q6 -.1291 
•4,q501 .0033 
-4.4501 .0033 

.oooo -.1291 
-8.78~6 -.1291 

.oooo -.2980 
.eeoc -.299S 

-4.3125 -. 2 91 'f 
-Q,QS01 -. 3061 

MAGNITUDE REL MAG PHASE 

.!Eql-08 lll.O!Gq .. occo 

.1388-08 100.0000 -36.5218 

.1652-08 I19.C38Z H8.CCQI 

.8035-09 578.82Q9 lOB.S779 
,1.!5CI.!-C6 32QQ7.!~10 -100.6830 
.1608·051158~5.2q9o -125.8525 
.q333-06 31216.7599 -1SC,9253 
,6837·08 qn.5152 5.2372 
,Jq23-09 zq.G562 -ll.!lt.2~90 
.21Q9-0B 15q,7760 lqB.7535 
.2008-DB IQQ,G763 132.0099 
.8715-09 6Z.78Q6 163.0q7Q 
.101q-o8 73.0756 -175.091(3 
.8111-09 58,Q29S 169.3083 
.7322-09 52.7q88 166.9593 
,8936-09 6Q,37Z6 171.9q39 
.9501-09 68.qqo7 167.6712 
.9090-09 65.5381 171.5591 
• 8 99q -09 6q.7899 175.oqsa 
,9580-09 69.0151 173.6658 
.ssoq-os 68,qGQ9 172.5936 

.3273-0Q 172 ,QQ26 .oooo 

.1899-Qq 100.0000 -25.1Q78 

.3922-07 .Z066 129.8229 

.6q33-07 .3388 1QQ,7673 
,qssa-oG 2. Q009 -100.6222 
.1519-05 8.0013 -12~.8~71 
.3929-06 2. 06 93 -150.88q3 
.2167-07 .Illil q,1238 
.85sq-os .ooq5 -37.5368 
.9620-08 .0507 135.5319 
,Q307-08 .D2Z7 !l5.0~Q6 
.3856-08 .0203 -1C3.9rs7 
.3286-0S .0173 -130,8qq7 
.1501-08 .oo 79 ~G.25Q7 
.19~1-08 .01DZ 1Q,Q!83 
.llOZ-08 .ansa 16Q,9Z1q 
.219Q-08 .0116 142.9857 
.5206-09 .002 7 168.31C8 
.1153-08 .0061 -118.5581 
.6330-09 .0033 I77,Qq9q 
.6672-09 .0035 79o6U 7 



TIME lU 200U 
RA81710 
RB 9 17 10 
ce e o 5P 
C9 9 0 SP 
Cl6 16 0 ,SF 
Cl7 17 0 5800U 
ClO 10 0 .SF 

Table 4. No Offsets; Higher Voltage Operation (PCWC0-4-2) 

01 BPl 3 2 0 0 o7~ ,7H 0 0 .07P .07P 
02 BFl 4 4 3 0 7H ,7H 0 0 .07F .07F 
04 BPl lE: 3 8 0 ?.BH .7H 0 0 .28F ,28P 
OS 01Fl 16 10 9 0 2,SM .7M 0 D .2BP .28F 
03 8Pl 10 7 0 0 .7H .7M 0 0 .07F .07P 
QE 8Pl 4 4 10 0 o7H .7H 0 0 .07F .07P 
r.n 8Fl 16 17 0 0 14M ,7H 0 0 .07P .07P 
JIS BFl 17 17 0 0 14M .7M 0 0 ,07F .07P 
016 BPl 7 6 16 0 14M .7H 0 0 .07P .OJF 
017 BFl 7 7 17 0 14H .7M 0 0 .07P .07F 
BP1 PHD VT0=-2 U6=250,6EQ,,15 COX=23N ONB=1E15 XJD=.3H GOS=2 css:,5p 
BF2 PHO VTQ:-2.25 U8=250.6E4,,1S COX=23N ONB=1E15 XJO:,JM GDS=2 CSS:,5P 
V440-24 
V7 7 0 -12 
VSIN 6 0 .125V 6KHZ 0 -12 
VSIN 2 0 .125V 30KHZ 0 -12 
PLOT VOUT B 9 
PLOT V;J 16 0 
PLOT V3 3 0 
PLOT VB 8 17 
FLOT VG 3 10 
PLOT Vl7 17 0 
FOR 30U 196.667U 20 
ENO 
NODE VOLTAGES --

1 0) .oooo I 21 
I 7 I 
I 16 I 

I 6 I -12.0000 
1101 -10.6794 

TRANSISTOR OPo PT. 
NAME TF VGS 
01 p -12.0000 
02 p -13.3206 
04 p -5.2759 
05 p .. 5.2758 
03 p -12.ocoo 
06 p -13.3206 
014 p -5.~035 
015 p -5.'1035 
016 p -6.5965 
017 p -6.5965 
ORDER HARH OSINE 

V89: 0 .aooo 
1 .6E7C-09 
2 .2327-09 
3 -.1350-08 
4 .3898-06 
5 -.lt553-08 
6 .1856-06 
7 -.6174-10 
8 -.1975-09 
9 -.4497-09 

10 -.1196-09 
11 -.6260-09 
12 -.5751-10 
13 -.4784-10 
14 -.1880-10 
15 -.5048-10 
H -. 2025-10 
17 -.3612-10 

u ::UB7:i8 
20 -.2834-10 

V817: 0 .oooo 
1 .1093-0f( 
2 .158f.-06 
3 -.2497-08 
q .3615-06 
s -.532'1-08 
6 .1722-06 
7 -.1632-10 
8 -.5398-10 
9 -. 3929-09 

10 -,3C32-10 
11 -.5647-09 
12 -.333C-10 
13 -.2837-10 
14 -.tH~53-lD 
15 -.4607-10 
16 -.6385-10 
17 -.6526-10 
18 -.7307-10 
19 -.8490-10 
20 -.9223-10 

-12.0000 
-12.0000 
-5.4035 

vos 

! 3) 
I 8! 
! 1 7 ) 

-10.6794 
-13.3206 

-.ocoo 
-.oooo 

-10.6794 
-13.3206 

-5.'1035 
-5.4035 
-6.5965 
-6.5965 

COOSINE 

-. 29S9-1 0 
.11(.2-08 

-.1611-10 
-.6318-09 
-.7306-07 
-.2802-10 
-.3334-06 

.1165-08 
-.6103-09 
- .. 7588-"09 
-. 2814-09 
-.2536-09 
-.2571-09 
-.3124-09 
-.2855-09 
-.2953-09 
-.3098-0§ 
-.2914-0 
--~5" 4 -8§ -. 82-
-.3423-09 

.2087-06 
.2328-04 
.1320-06 

-.5290-09 
-.6716-07 

.6(122-09 
-.30~6-06 

.1953-08 
-.1'152-09 
-.3002-09 

o1219-09 
.1872-09 
.1367-09 
.l34S-09 
.1338-09 
.ll.j25-09 
.1420-09 
.1470-09 
.1522-09 
.1493-09 
.1521-09 
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-10.6794 q ) 
9 I 

-24.0000 
-5.4035 
-5.~035 

-5.4035 

VSB IDS! HAl 
.0000 -.1975 

-10.6794 -.1975 
-5.403S -.ooco 
-5.4035 -.cooc 

.oaoo -.1975 
-10.6794 -.1975 

.noaa -.55lf6 

.ooao -.5546 
-5.4035 -.55!16 
-5.4035 -.5546 

HAGNITUOE REL HAG PHASE 

.2959-10 2.2089 180.0000 

.1340-CB 100.0000 -29.8581 

.2333-09 17.4102 -93.9S98 

.1490-08 111.2334 115.0853 
• 3966-06 29600.9913 -100.6156 
.'4553-08 339.8208 9C.3!:2G 
.3816-06 28479.3551 -1S0.9007 
.1167-08 87 .. 0957 3. 0 332 
.6414-0~ 47.8777 162.C628 
.8820-09 65.8339 149.3453 
.3053-09 22.8235 156.9661 
.6772-09 50.5501 111.9908 
.2634-09 19.6639 167.3899 
.3161-09 23.5924 171.2~1(2 
.2661-09 21.3575 176.2324 
.3001-09 22.3994 17C.3!61 
.310tr-09 23.1711 176.2607 .2936-09 21.9lll~ 172.9J41 
:~m:s~ ~!:am m:ilm 
.3434-09 25.6344 175.2675 

.2087-06 .8116 .coco 

.2572-0lf 100.0000 -25.1454 

.2063-06 .8021 -50.2C35 

.2552-08 .0099 101.9603 

.3677-06 1.4297 -100.S246 

.53[;7.-08 .0209 83.1217 

.3531(-06 1.3743 -15C.83~8 

.1953-08 .0076 .4786 

.l5li9-09 .0006 159,6C17 
.4994-09 .0019 128.1132 
.1256-09 .0005 13.%56 
.5951J-09 ,0023 71.6535 
.1407-09 .0005 13.6935 
.1375-09 .ooos 11.9097 
.1398-09 .coos 16,8484 
.1500-09 .0006 18.2052 
.1557-09 .0006 24.2057 
.1609-09 .0006 23.9321 
.1688-09 .0007 25.6485 
.1717-09 .0007 29.6283 
.1778-09 .0007 31.2361 



Table 5, Summary of MSINC Run Data: 
PMOS Correlator with Complementary Operation (PCWCO} 

"PCWCO" Run No. Differential Output Single-Ended Output 

Item 4-3 4-5 4-6 4-2 4-3 4-5 4-6 4-2 
Absolute Currents (na,} Drain Freq, .0236 370.1 :T3B8 .1340 1757 i4f1 1899 2572 

Gate Freq, .7467 .8176 160.8 .4553 .9232 1.003 151.9 .5362 
(Gate· Drain) Freq.(Desired Signal) 48.40 50.88 45.04 39.66 45.24 47.55 45.58 36.77 
(Twice Drain) Freq, .0312 2.292 .1652 .0233 26.95 29.91 3.922 20.63 
{Gate- Twice Drain) Freq. .3145 .3779 .8035 .1490 .6451 .7224 6.433 .2552 

Distortion Rejection (dB): Drain Freq. * 66.3 ·17.2 50.2 49.4 -31.8 -29.4 ·32.4 -36.9 
Gate Freq, • t 36.2 35.9 ·11.1 38.8 33.8 33.5 ·10.4 36.7 
(Twice Drain) Freq, 63.8 26.9 48.7 64.6 4.5 4.0 21.3 5.0 
(Gate- Twice Drain) Freq, 43.7 42.6 35.0 48.5 36.2 36.4 17.0 43.2 

Power (mW): Drain Buffer 3.026 3.026 2.914 6.655 
---c;ate Buffer 2.582 2.582 2.582 4.740 

Total 5.608 5.608 5.496 11.395 

Loading: gm14 (micromhos) 245.8 245.8 243.3 325.9 
gDs4!micromhos) 22.8 17.5 25.3 35.9 

Ratio: 
(gm14 ~ gDs4l • >. 

11.1 14.1 9.6 9.1 

gm1 (micromhos) 32.3 32.3 32.3 39.5 

Multiplier Drives: VDS4 (mV) 0 .o 137.6 0 
VGS4 (V) 4.322 4.322 4.335 5.276 

VsB4 Wl 4.462 4.462 4.450 5.404 
AC Signals: Vds4 (mV.) 79.59 80.69 75.16 71.74 

Ygs4 (mV.) 65.69 65.69 65.69 63.43 

Buffer Gain: Drain (%) • AD 63.7 64.6 60.1 57.4 
Gate(%) • AG 52.6 52.6 52.6 50.7 

Multiplier Efficiency: ~ 
v 

v (f9.fDl ~ (V ds4 x v gs4l 9.26 9.60 9.12 8.72 

Run No. Key: 
PCWC0-4-3: Perfect Uniform Array, No Offsets. 
PCWC0-4-5: An Offset (0.25 V) Multiplier Threshold (or Floating Clock/Gate Buffer) 
PCWC0-4-6: An Offset (0.25 V) Floating Clock/Drain Buffer 
PCWC0-4-2: No Offsets; Higher Voltage Operation 

• Distortion Rejection Values Prior to Four-Quadrant Sequential Multiplication Operation. 
t This Model Circuit Makes no Provision for Gate-Frequency Cancellation. 

76-0971-TA-2 

43 



,, -
-'• 

AC Virtual 
Ground, 

Differential 
Current 
Meter 

76-07~V+1 

Figure l, Conceptual Multiplier Circuit 
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Figure 2, Drain-Buffer Multiplier Circuit 

IVx + Vx sin OJ 
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Figure 3, CAD Modeling Circuit for Fully Buffered Multiplier 
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Figure 4. MOS Analog Multiplier Output 
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