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E11 G1A*

7
G2B*
7

A
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C
8

Y0*

Y1*
9

Y2*

Y3*
9

PIACS*

ADCCS*

DACCS*

CLKCS*
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E2 (A3)

E5 (A4)
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:
3
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<
5
=

E16 RESET

E18B2
(RST DRV)

U5-16 RD*

WR*
>

E1,3,4,6 DB0-DB7E7-10

S*/H
?

DB0-DB7

WR*

DACCS*

A0
@

D11-D4

D3-D0

WR1*
>

BYTE1/BYTE2*

XFER*
A

CS*
8

15-20 ,4 -5

6 - 9
B

2
:
1

23
:
21
:
22
:

DAC1208

WR2*
>

Vref

Iout1

Iout2

Rfb

AGND
@

10

13

14

11

3
;

’138

+5VC G1
7

DGND 12

Vcc
D 24

:
+10VC

6
B

U5-18

E14 A0

A1
@E13

N.C.

EGFIH!J	K�LNMPO 3�Q6RPSTS K�L�UVU S L�W�X S FIYZH\[6Y S^]�_
R UVW�`ZL�ab[6c+F�W%O

dfe g hji	kml-nboZprq

RPsts LuY S FIvxwyW�XuY	cm[6FIYZUN[{z�FIU)cmFIYZH|X�}~cm`	L^� 5 �6�{[�UVU)Luab�6zI�!��zI[6YZH�JZ[�H!L�K�XuJZc+FIYZL�c+X�K�Lu[ S [�Y S�� K�F�c+L
[��6zIXuW���X�}�U)[6a s zIL�Ubc+X�[�Y S }/K�Xua�c+`ZL�[�YZ[6zIXuH�FIYZc+LuK�}/[�W�L|��Xu[6K S O��G`ZL�K�XuJ	cmFIYZL�W�[6Y���L�W�[6zIz�L S
}�K�X�a s K�X�H!K�[6abU|W�Xua s FIzIL S�� FIc+`���F�W�K�XuU)Xu}�cNEG�����G� RP��� LuK�UVFIXuY���O ��X�K 3 O 5 O��G`	L�K�X�JZc+F�Y	L�FIU
s [�UVU)L S [6Y�[6K�K�[6��X�} 2�� ���6FIcNY	JZab�6L�K�U|  S L�W�zI[6K�L S�� FIcm`�c+`ZL�¡ R ��¢�w£[�cmc+K�FI�6J	cmL�¤¥[�Y S [���¦6���6FIc
FIYZc+LuH!L�K�W�XuY	cm[�F�Y	F�Y	H§c+`ZL¨YZJZa\�6LuK#Xu}©UV[�a s zILuUªcmX«�6L¥K�Lu[ S [6Y S^� K�FIcmc+LuY~O��G`	L«[6K�K�[��§ab[���L�v!c+LuY S
X � LuK^abJZzIcmF s zIL �63 ��UVL�H!abL�YZc+U!O¬�G`	L�K�XuJ	cmFIYZL�UVL�Y S U{cm`	L���z�X�W���X�}PUV[6a s z�L�U{cmX�c+`ZL ]­_®R [6Y S
K�L s zI[6W�LuU¨c+`ZL�UVL�UV[�a s zILuU � F�c+`�c+`ZL�U)[6a s zIL�U§FIY s J	c�}�K�X�a¯cm`	L R°_'] Ot�G`ZLfK�X�JZc+F�Y	L�[6zIUVX�W�X�Y � LuK�cmU
c+`ZL�U)[6a s z�L�Ux�6L�c � L�LuY�c � Xu± UV��W�Xua s zIL�abLuYZc§[�Y S c+`ZL�z�L�}/c+��[6zIF�H�YZL S JZYZU)F�H�YZL S }�X�K�ab[6cNK�L�²6JZFIK�L S
�6�|c+`ZL�`	[6K St� [6K�LTO³�´`ZL\K�XuJ	cmFIYZL�U � LuK�L�XuYZzI�xc+LuU)cmL S X�Y�[6Y�µ·¶°�¹¸GM R ��[�z�c+`ZX�JZH�`�c+`ZL�� � LuK�L
S L�UVFIH!Y	L S c+X � XuK�� � F�c+`�[�Y�µ·¶°�¯¸´M¬[�U � LuzIzmO
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8255
Ñ

1/2  ’74

1/2  ’741/4  ’021/4  ’02

1/4  ’02

PA0  (sampling)
PA7  (overrun)

WR*
>
CS*
8
RD*

A1
@
A0
@

RESET

DB0-DB7
CLK2
8

CLR1*
8

Q1
Ò

Q2
Ò

PRE1*

5
=
6
B3

;
2
: 1 4

108
Ñ

9
Ó

4
<

37
;

36
;
6
B
5
=

8
Ñ
9
Ó

34-27
;

35
;

4
<

1

11

D2
12

WR*
>

PIACS*
RD*

A1
A0
@

RESET

DB0-DB7S*/H
?
EOC*

ADCS*
WR*
>

S*/H
? 5

=

9
Ó

PA1-PA627-36
:

CLR2*
813

EGF�H�JZK�LNMPO � Q�R°_'] UVc+[6c+JZU¥W�F�K�W�JZFIc�UVW�`ZLuab[�cmFIW%O

s K�Lu��zIXu[ S L S FIYZc+XPcm`	L ]�_
RÔ� FIc+`ZXuJ	cGW�`	[6YZH�F�Y	Hfc+`ZL�W�JZK�K�LuY	c~XuJ	c s JZc � [�z�J	LTO©�G`	LPY	L � F�Y s J	c � [6zIJZL
FIU|cmK�[6YZU)}�LuK�K�L S c+X�cm`	L�XuJ	c s JZcNXuY¬cm`	L�YZL�v!cN}/[�z�zIFIYZH�L S H�L�Xu}Pc+`ZL� /`	[6K ST� [�K�L��/H�LuYZL�K�[6cmL S ¤ Õ _'Ö
UVFIH�YZ[6z+O

dfe ×�e Ø Ù�Ú
Û£oZÜ~ÝÞÛNÚ
ÙßÙ�Ü~o	àái	â�ã�Üäl1qtprkmo	å6q

�G`	L ]�_
R [6Y S�R°_'] F�Y	cmL�K�}�[6W�LuU � L�K�L S L�UVFIH!Y	L S c+X�X s L�K�[�cmL � FIcm`�UVFIH�YZ[6zIU«��Luc � LuL�Y�æç¦èO é � XuzIcmU�O
Õ�`	F�L�z S L S W�[��6z�L � [6U�JZU)L S c+XxK�L S J	W�L S FIH!FIcm[�z°YZXuFIU)L s F�W��jJ s [�Y S �°Eçz�L�[6��[6H!LtO\EGLuK�K�F�c+L|�6L�[ S U
� L�K�L¨JZUVL S c+X¨K�L S JZW�L§��E�XuJ	c s JZc�}�K�X�aêcm`	LN¸´MPO

�G`ZL ]�_
R FIYZc+LuK�}�[6W�Luë�U)`ZX � YìF�Y�EGF�H�JZK�L{MPO é6ë�UVJ sTs zIFILuU�[ìíy¦èO é � XuzIc¥U)F�H�YZ[6z°}/K�Xuaîc+`ZL ]�_
R O
�G`	L 2�565bs E�W�X�a s L�YZU)[6cmFIYZH\W�[ s [6W�F�c+XuK � [6UPK�L�²6J	F�K�L S c+X§[ � XuF S XuU)W�FIz�zI[6c+FIXuY � F�c+`�UVX�abLNz�X�[ S U!O

�G`ZL R°_'] [6YZ[�z�X�H�F�Y	cmL�K�}�[6W�LuëjU)`ZX � Y�FIY|EGFIH!J	K�LNMPO � ëjW�X�Y � LuK�cmU�c+`ZL¨FIY s JZc��6F s X�z�[�KªUVFIH!Y	[6z©c+X¨[
5 c+X¨é � XuzIc�UVFIH!Y	[6z+O��G`ZL¥F�Y s J	c�Xu}�}/U)Luc�FIUª[ S1ï JZU)cm[��6zILTO��G`ZL R°_'] F�Y s JZc°FIU s K�X�cmL�W�c+L S^� FIcm` S F�X S L�U!O

Õ�FIYZW�LNYZL�F�c+`ZL�KPFIYZc+LuK�}�[6W�LNW�F�K�W�J	F�c#F�Y	W�zIJ S LuU¥ðZzIcmL�K�FIYZH�ëZcm`	Lf[�YZ[6zIXuH�FIY s JZc�[�Y S XuJZc s J	c�U)F�H�YZ[6zIU
� L�K�L¨ðZzIcmL�K�L S JZU)F�Y	H�Luv�cmL�K�Y	[6zGñªK�X�`ZYZ� Ö FIcmL«abX S Luz´��� 3 ¦\ðZzIcmL�K�U�O
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SMP11GY
?

uPD7004C�
Vref
D

V+
D
V+
D

MC

WR*
>

CS*
8
RD*

A0
@
DB0-DB7

GND
7
GND
7

CLK
8

OUT
�
Vlc
D

Ch
8

IN

Null

Null

V -

V+
D

CH0
8

CH1-CH7
8

N.C.

N.C.

N.C.

-12V

+12VC

EOC*

17

16

25
:

5
=

23
:
15

18

19

22
:
21

20
:

7 - 1 4
�

6
B

24
:

1-4,  26-28

2
:
3
;

4
<
5
=

9
Ó

7
�
13

11

14 1,6,8,10,12
N.C.

S*/H
?

N.C.

5nF
=

S*/H
?

+5VC

WR*

ADCCS*
@

RD*

A0
@

DB0-DB7

2 MHz
:

analog in�

E´F�H�JZK�L§M³O ¦ Q�R°_'] [�Y S UV[�a s zILu��[6Y S ��`ZXuz S UVW�`ZL�ab[6c+F�W%O

FIY S FIW�[6cmL�Ufc+`Z[6cP[�Y R°_'] X � L�K�K�JZYÞ`Z[6UfXuW�W�JZK�K�L S O¨�G`ZFIU��6FIc�F�U�U)Lucª�6��zI[6c+W�`ZF�Y	H�c+`ZL R°_'] ± U w���M
 �LuY S Xu}PW�XuY � LuK�UVFIX�YZ¤PU)cm[�cmJ	U|UVFIH!Y	[6zªF�Y	cmX�[ÞUVL�W�X�Y S z�[�cmW�` � F�c+`�c+`ZL�}�[6zIzIF�Y	HÞL S H�L�Xu}Pc+`ZL Õ _'Ö
W�XuYZc+K�X�z­UVFIH!Y	[6z� /U)c+[6K�c�X�}�U)[6a s zIFIYZH!¤·O¥�G`ZFIU¨UVc+[6c+JZUfU)FIH!YZ[�z�FIUfc+`ZJZU¨UVL�c�FI}°[�W�XuY � LuK�UVFIX�Y S F S Y	Xuc
W�Xua s zIL�cmLª��Lu}�XuK�Lªc+`ZL�UVc+[6K�c´X�}	U)[6a s z�FIYZH¥}�XuK�c+`ZL�YZL�v!c´UV[�a s zILTO	¶°Xuc+`^UVc+[6c+JZU�zI[6c+W�`	LuU°[6K�L³W�zILu[6K�L S
� `ZL�Y�c+`ZLbM°¸��êU)cm[�K�c+U�[�YZL � W�X�Y � L�K�U)FIXuYÞ�6� � K�FIcmFIYZH{cmXxc+`ZL R°_']  �FIY S FIW�[�cmL S �6� RP] M°Õ�[6Y S
����UVFIH!Y	[6zIUV¤·O

dfe ×�e � Ù�ÝGÝGp%q����fÛ¨qTå6i	Ý�� Üäâ�o	Ü~Ý�ÛNÚ®Ù

EGFIH!J	K�L°MPO 3 UV`ZX � U~c+`ZL�[ STS K�LuU)U S L�W�X S FIYZHªW�F�K�W�J	F�c+K���c+`Z[�cèH!L�YZLuK�[6c+LuUGW�`ZF s UVL�z�L�W�c+U~}/X�KGc+`ZL�}�XuJ	KGµ _ �
S L � FIW�L�U�  � w�M��t¸ ]��63�565«R°_'] ë � [�cmFIXuY	[6z 2 ¦ 5 � ]�_
R ëj�6¦�é6�\cmFIabLuK�[6Y S �6¦�é6é s [6K�[6zIzILuz´FIYZc+LuK�}�[6W�Lu¤
[6Y S cm`	L ]�_
R O)�G`	LªK�Luab[6FIY S LuK�X�}	c+`ZL�[ StS K�L�UVU S LuW�X S FIYZH«W�FIK�W�JZFIc � [6U ��JZFIz�c´F�Y	cmXªcm`	L s K�Xuc+Xuc+� s FIYZH
�6X�[6K S! � 2#" [6Y S FIU³YZX�c#U)`ZX � Y�`	LuK�LTO

�G`ZL ]­_®R FIU°[ � [�cmFIXuY	[6z 2 ¦ 5 �6¡GM ]¬� FIcm` 2 ¦6���6FIc´K�LuU)XuzIJZc+F�X�Yb[6Y S FIU#zIF�Y	Lu[6K�c+X%$ 5 O 5è2 ¦ s L�K�W�LuY	c
Xu}�c+`ZLb}/J	z�zI��UVW�[6zIL^X�JZc s JZc)O³�G`ZL^FIY s JZcªK�L�H!FIUVc+LuK�Uf[6K�L S X�JZ��z�L^��JZ}�}/L�K�L S U)X^cm`	[6c�[ � [6zIJZL\W�[�YÞ��L
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7

8
Ñ

1

1 1A

1CLR

1QB

2

18

15

9
Ó

4
<

N.C.

8.000
Ñ
MHz
OSC.
�

1/2  ’393

2 MHz

+5VCVcc

GND
7

CLK2
8

CLK1
8

CLK0
8

8253
Ñ

DB0-DB7

RD*

CS*
8
WR*

A1

A0
@

GATE0
7

OUT0
�
GATE1
7
OUT1
�
GATE2
7

OUT2
�

+5VC
1 - 8

22

21

23
:
20
:
19

11

10

14

13

16

17
N.C.

N.C.

S*/H
?

RD*

CLKCS*
8

WR*

A1

A0
@

DB0-DB7

24
:

12

E´F�H�JZK�L§M³O 2�Q �´F�abFIYZHNW�FIK�W�JZFIc°UVW�`ZL�ab[6c+F�W%O

dfe ×�e × Ù�Ú
Û

EGFIH!J	K�L\MPO ¦�UV`	X � UNc+`ZLbUVW�`ZLuab[�cmFIW¨Xu}�cm`	L R°_'] W�X�Y � L�K�c+LuK¨[�Y S c+`ZL�U)[6a s z�L��/[�Y S ��`ZX�z S W�F�K�W�JZFIcmU�O
�G`	L Õ _'Ö UVFIH�YZ[6z�W�XuYZc+K�X�zIU�c+`ZLb¸G��µ³Õ���¸´� 2�2 ¢6O UV[�a s zILu��[6Y S ��`ZXuz S OP�G`ZL � w�MQPT¸ ]��6565�3bR�_á]
W�XuY � LuK�cmL�K¥W�`ZF s `Z[�UN[xW�XuY � LuK�UVFIX�Y�cmFIabLfX�} 24565 abF�W�K�X�UVL�W�X�Y S UVë 2�5 ��F�c�K�L�UVX�z�J	cmFIXuY�[6Y SSR 2 �6FIc
zIF�Y	Lu[6K�FIcm�	Oä�G`	L R°_'] ± U³W�z�X�W���K�[6c+LN[6Y S F�Y s J	c W�`Z[6Y	YZL�z�  5 ¤ä[�K�L§UVL�z�L�W�c+L S �6� � K�F�c+FIYZHbc+X§K�L�H!FIUVc+LuK�U
FIY�c+`ZL§W�`	F s O�M°X�Y � LuK�UVFIXuY	U³[�K�L§UVc+[6K�cmL S J	Y S L�K s K�XuH�K�[�a W�X�YZc+K�X�z��6� � K�FIc+F�Y	HbcmX«[\K�L�H!FIUVc+LuK%O

dfe ×�e g Ù�Ú
Û hjl-oZlNTU�

EGFIH!J	K�L#MPO �NU)`ZX � U c+`ZL�W�FIK�W�JZFIc©c+`Z[6c©zILuc+U cm`	L�M°¸���c+LuU)c�c+`ZL R°_'] UVc+[6c+JZU�[6Y S W�`	LuW���}/X�K�X � L�K�K�JZY	U!O
�G`	LN�6¦6é�é s [�K�[6zIzILuz�F�Y	cmL�K�}�[6W�LNW�`ZF s K�L�[ S U¥c+`ZL%V+UV[6a s z�FIYZHXW#[6Y S V+X � LuK�K�J	YYW UVc+[6c+JZU¥zI[6c+W�`	LuU�O´�´`ZL
V+UV[6a s z�FIYZHXW­UVFIH!Y	[6z©FIY S FIW�[6cmL�U³c+`Z[�c~cm`	L Õ _áÖ F�U�FIY�U)[6a s z�FIYZHfabX S L¥[6Y S c+`ZJZU�c+`Z[6c�cm`	L s K�L � FIX�JZU
W�XuY � LuK�UVFIXuY�UV`ZX�JZz S `	[ � L�W�X�a s zILuc+L S OZ��`	LuY�c+`ZFIU�UVFIH!Y	[6z~H�XuL�U�`ZFIH!`�c+`ZLbM°¸�� K�L�[ S Ufc+`ZL R�_á]
K�LuU)JZz�c�[6Y S U)cm[�K�c+U�[�YZXuc+`ZL�K{W�X�Y � LuK�UVFIXuYy��� � K�F�c+FIYZH�cmX�c+`ZL R�_á] Oä�´`ZL[V+X � LuK�K�J	YYW�UVc+[6c+JZU��6FIc
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dfe2a ã�Ü~l-priZÝbT~å6l��(iZÜ

�G`	F�U [ sTs LuY S FIv S LuU)W�K�FI�6LuU c+`ZL�[�YZ[6zIXuH¥FIYZc+LuK�}�[6W�Lª��Xu[6K S c+`Z[�c � [6U ��JZFIz�c©c+X�H!L�YZLuK�[6c+L�[�Y S UV[�a s zIL
c+`ZLf��[6U)Lu�6[�Y S �ªE ] �¯UVFIH!Y	[6z+O­�G`	L�FIYZc+LuK�}/[�W�Lf}�L�[6cmJ	K�L�U¥[�Y��x� Ö`c UV[�a s zIFIYZH\K�[6c+L � F�c+`�U)F�abJ	z��
c+[6YZL�XuJ	U�F�Y s J	c~[6Y S X�JZc s JZcäUV[�a s zIFIYZH!ë6Y	XPUV[�a s zIF�Y	H ï F�c+cmL�K�ët[�Y S [NK�LuzIF�[��6zIL³L�K�K�XuK°F�Y S FIW�[�cmFIXuYx}�XuK
[6Y	�NUV[6a s z�FIYZHfX � L�K�K�JZY^W�X�Y S F�c+F�X�Y~O©�´`ZL«FIYZc+LuK�}�[6W�L � [6U�[�z�U)XPJZUVL S cmXPabL�[6U)JZK�LPcm`	L¥UVc+[6c+F�U)cmFIW�UªX�}
c+`ZL¥}�[ S F�Y	HfU)FIabJZzI[6cmX�K S LuU)W�K�F���L S FIY RPsTs LuY S F�vf¶PO��G`ZL¥F�Y	cmL�K�}�[6W�L¥W�FIK�W�JZFIc � [6Uª�6JZFIzIc­X�Y�[�Y|µ�¶°�
¸GM � FIK�L�� � K�[ sxs K�Xuc+Xuc+� s F�Y	H���Xu[6K S! � 2�" O

dfe × d��(prådTU� l#ÛNq���å6pe�G\Gl��(iZÜ

dfe ×�e2a ^ �gf�qtp¨d��(prådTU� l

EGFIH!J	K�LªMPO 2 U)`ZX � U c+`ZL�U)W�`	Luab[�cmFIW�Xu}jcm`	L�cmFIabF�Y	H�W�FIK�W�JZFIcVO��G`ZL�`Z[6K ST� [�K�L#[6Y S UVX�}/c � [6K�L�UVJ sTs X�K�c
[�ab[6v�F�abJ	a¹UV[�a s zIFIYZH|K�[�cmL^Xu}°��� Ö`c O R Y���� Ö`c W�K��!U)cm[�z XuU)W�FIzIz�[�cmX�KfW�zIXuW���F�U S F � F S L S ��� 3
c+X s K�X S J	W�L{[�¦�� Ö`c c+FIabF�Y	H�W�zIXuW��GOx�G`	Lx��¦6é6��c+FIabLuKfH!L�YZLuK�[6c+LuUbc+`ZL|ab[�UVc+LuKfc+F�abFIYZH�UVFIH!Y	[6z
zI[6�6L�z�zIL S Õ _'Ö  �UV[�a s zIL«[�Y S `ZXuz S ¤·O�� � X�X�}ècm`	L¥�6¦�é6�6± U s K�X�H!K�[6abab[��6z�L�c+FIabLuK#UVL�W�c+FIXuYZU [6K�L¥JZU)L S O
Õ�L�W�c+F�X�Y 5 Xu}�c+`ZL|c+F�abL�K S F � F S LuU\c+`ZL|¦�� Ö`c W�zIXuW��Þc+X�H�LuYZL�K�[�cmLx[�Y¬��� Ö`c W�z�X�W��´OxÕ�LuW�cmFIX�Y 2
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c+Xbab[6�jL�c+`ZL�abFIv!L�K¨[�cmc+LuY	JZ[6c+FIXuY�[�z�FIYZL�[6K¥}�JZY	W�c+F�X�Y�Xu}�W�X�YZc+K�X�zäW�JZK�K�LuY	c�[�cªK�L S JZW�L S �°E S K�F � L
zIL � LuzIU!O©�G`	L«}�[ S F�Y	Hf`	[ S c+`ZL¥K�FIH!`Zc�[6a s z�FIcmJ S L S FIUVc+K�FI�6J	cmFIXuY|��JZc�c+`ZL � K�X�YZHfz�L � L�zZW�K�XuU)UVFIYZHfK�[6c+L
 �UVL�L�Õ�L�W�c+FIXuY�¶PO 3 ¤·O��G`	F�U|FIU|�6L�z�FIL � L S cmX{K�L�UVJ	z�cN}�K�X�a W�X�YZc+K�X�zªW�JZK�K�L�YZc§L�}�}/L�W�c+U|X�Y�c+`ZL�abF�v�LuK
s `	[6U)LNUV`	F�}�c+U!O
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10k

10k

22.7k

10k

216
:

216

10k

16.9k

1nF

1uF 1uF

1nF
Iout2

AGND
@

DGND

Vref

1nF

9
Ó

10 3
;2
:

18
Ñ

13
12

6
B
5
= 7

�
14

each Op-Amp 1/4 TL084C

Iout1

LM336 1uF

13

10

3
;
14

12

3.3k
;

1/2 W

DAC1208

Vcc
24
:

outputD
signalE
(I or Q)

+15VC

1uF

-15V

1uF
V+
(pin 4)

V -
(pin 11)

2.5V
:

+15VC

+15VC

1uF

EGFIH!J	K�LN¶PO Ð Q�R YZ[6zIXuHfF�Y	cmL�K�}�[6W�LNU)W�`	Luab[6c+FIWrO´��YZL¨Xu}Gc � XNK�LuW�XuYZU)cmK�JZW�cmFIX�Y�ðZzIcmL�K�UPFIU³U)`ZX � Y~O

d�iZÜU�ul-peT~å�lN�(iZÜ

�G`	L s K�X�cmX�cm� s L � [6U��6JZFIzIc � F�c+`^��� Õ�W�X�cmW�`GF	Luv-HGI s J	UV`	� � FIK�L¥U)XuW��jL�cmU�Oè�G`ZL�UVL³UVX�W��jL�cmU�U s L S J s
c+`ZL � F�K�FIYZH��6JZc³W�XuU)cPabXuK�L^c+`Z[�Y � F�K�Lu� � K�[ s U)XuW��jL�cmU�O R H!K�XuJ	Y S�s z�[�YZL � [�U�Y	Xuc�JZU)L S ��JZc³F�c
ab[6��`Z[ � L§K�L S JZW�L S cm`	Lf[6abX�JZY	c X�} S FIH!FIc+[6z�YZXuFIU)LTO

� e g ^Ü_ qk�Z²KJ`T~o	ÝGpro	lNTäprq!Í�i	Ý�T~à'oZl-iZp

EGFIH!J	K�L#¶PO 2�5 UV`	X � U°cm`	L#W�Xua s XuYZL�YZc+U°F�Y§cm`	L�²6JZ[ S K�[6cmJ	K�L abX S JZzI[6c+XuK�[�Y S c+`ZL�µ·E s XuK�c©ab[�cmW�`ZFIYZH
YZL�c � X�K��GOè�G`	LPJ	YZFIc S LuU)W�K�F���L S `ZLuK�L�X s LuK�[6c+LuU [6c 243 é§� Ö`c [6zIcm`	XuJZH�` � F S Lu�6[�Y S J	YZFIcmU�W�[�Y^[�z�U)X
�6L¨�6JZFIzIc XuKª�6XuJ	H!`	cVO

� e g�e2a Í �g]	qTp��

�G`	L��°E S K�F � L�z�L � L�zªc+X�c+`ZL�abFIv!L�K�U|F�U�W�K�FIcmFIW�[�zmO¬�G`ZL��°E S K�F � L�z�L � L�z³cmX�cm`	L���FIYZFI��M°F�K�W�JZF�c+U
Õ�� R � 2NS XuJ	�6zILu���6[�z�[�YZW�L S abF�v�LuK�U«abJ	UVc#�6LfU)JZ}�ðZW�F�L�YZc+z��\`ZFIH!`� /[ sTs K�X�v!FIab[6c+LuzI�t� �|S ¶°ab¤­XuKPc+`ZL
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DAC1208

DI4-DI11

DI0-DI3

CS*
a

XFER*

WR1*
b

WR2*
b

BYTE1/BYTE2*

DAC1208

DI4-DI11

DI0-DI3

CS*
a

XFER*
c

WR1*
b

WR2*
b

BYTE1/BYTE2*

D0-D7

IOCS1*

D7-D4

1

21
d

2

22

23
d

23
d
22

D7-D4

1

21

2
d

D0-D7

IOCS0*

IOCS2*

WR*
b

A0
e

8255A
f

D0-D7

A0

A1

CS*
a

WR*

RD*

RESET

D0-D7

A0

A1

IOCS3*

WR*

RD*

RESET

6
g

36
h

5
i

35
h

PA0

PB0-7

PC0-7

9
j

8
f

N.C.

N.C.

PA7

.

.

+5Vk

.

.

1k

onl

offl

DAC1208

DI4-DI11

DI0-DI3

CS*
a

XFER*

WR1*
b

WR2*
b

BYTE1/BYTE2*

DAC1208

DI4-DI11

DI0-DI3

CS*
a

XFER*
c

WR1*
b

WR2*
b

BYTE1/BYTE2*

D0-D7

IOCS1*

D7-D4

1

21
d

2

22

23
d

23
d
22

D7-D4

1

21

2
d

D0-D7

IOCS0*

IOCS2*

WR*
b

A0
e

8255A
f

D0-D7

A0

A1

CS*
a

WR*

RD*

RESET

D0-D7

A0

A1

IOCS3*

WR*

RD*

RESET

6
g

36
h

5
i

35
h

PA0

PB0-7

PC0-7

9
j

8
f

N.C.

N.C.

PA7

.

.

+5Vk

.

.

1k

onl

offl

EGFIH!J	K�LN¶PO � Q�]�_®R [�Y S^s [6K�[6zIzILuz´µ _ �yUVW�`ZL�ab[6c+F�W%O

[6K�L¥J	UVL S }/X�K�c+`ZL¥ð	z�c+LuK [6Y S XuYZLPF�U�J	UVL S c+XPW�X�Y � LuK�c~c+`ZL 5 cmXPé � XuzIc ]­_®R X�JZc s JZcäc+Xnm�¦�O é � XuzIcmU�O
�G`ZL^ab[ ï X�K§UVX�JZK�W�L�U�X�} YZX�F�U)L\XuY�c+`ZLbW�X�YZc+K�X�z°UVFIH�YZ[6zIU � L�K�L S FIH!FIcm[�z�UVFIH�YZ[6z°YZXuFIU)LbW�XuJ s zIF�Y	H

XuY	cmX�cm`	L�[6YZ[�z�X�H|W�F�K�W�J	F�c+K��^[6Y S�]�_
R U � FIcmW�`ZFIYZHxcmK�[6YZU)FILuYZc+U!Oª�G`	L S FIH!FIcm[�zä[6Y S [�YZ[6zIXuH|W�FIK�W�JZFIcmU
JZU)L S UVL s [�K�[�cmL s X � LuKN[6Y S K�Luc+JZK�Y�zIF�Y	LuUfc+XbK�L S J	W�L\c+`ZL�Lu}�}�LuW�cªXu}�cm`	L S FIH!FIcm[�z�UVFIH�YZ[6z~Y	XuFIUVLtO R
3d� Y	E�W�[ s [�W�FIcmX�K  �YZXuc~U)`ZX � YxXuYxc+`ZL�UVW�`ZL�ab[6c+F�W�UV¤ � [6U�[�z�U)XPW�X�YZYZL�W�c+L S }�K�X�a£cm`	L s X � LuK°UVJ sTs z��
zIF�Y	L�c+X�H!K�XuJ	Y S YZL�[6KbL�[6W�`¬zIXuH�F�W\µ�MPO©�°FIYZH�F�Y	H�[6cNc+`ZL ]�_
R XuJ	c s JZcNcmK�[6Y	UVFIcmFIXuY	U � [6UbK�L S JZW�L S
�6�bJZUVFIYZH^[xzIX � �/FIa s L S [�YZW�L�K�Luc+JZK�Y� /c+`ZL�W�`	[6UVU)F�U)¤~}/X�K«W�X�YZY	LuW�cmFIXuY	U¨��Luc � LuL�Y�c+`ZL ]­_®R [6Y S c+`ZL
[6Y	[6zIXuH¨W�FIK�W�JZFIc� �XuY^[�UVL s [�K�[�cmL³��Xu[�K S ¤·O�µ�Yx[ STS F�c+FIXuYZë�c+`ZL ]­_®R XuJ	c s JZc � [6U���� s [�UVU)L S c+XPH!K�XuJZY S
�6��UVab[�z�z­  2 YZE´¤°W�[ s [6W�F�c+XuK�U�c+XxðZzIcmL�KfX�JZc�cm`	L^`	F�H�`ZL�UVc³}/K�Lu²�JZL�YZW���W�X�a s X�YZLuY	cmU�Of�´`ZLuU)L\UVc+L s U
K�L S J	W�L S cm`	LNX�JZc s JZc°Y	XuFIUVLNz�L � L�z´c+X¨zILuU)U³cm`	[6Y�¦\apo�O

�G`ZL S L�UVFIH!YxW�XuJZz S �6L¥FIa s K�X � L S ���fJZUVFIYZH«[fUV[�a s zILu��[6Y S ��`ZXuz S X�Yxcm`	L¥XuJ	c s JZc�X�}ècm`	L ]�_
R c+X
zILuc°c+`ZL ]�_
R U � FIcmW�`ZFIYZH�c+K�[�YZU)F�L�YZc+U S FIL¨XuJZc���Lu}�XuK�LNcm`	LfU)[6a s zILNFIU³X�JZc s JZc)O
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2764/27128/27256

A0-A14
e

D0-D7

OE*
�

CS*
a

Vpp

A0-A14

D0-D7

RD*

ROMCS*

+ 5k

A0-A14

D0-D7

RD*

WR*

RAMCS*

A0-A14

D0-D7

OE*
�

WE*

CS1*
a

62256
g

10
9
j
8
f
7
�
6
g
5
i
4
�
3
h
25
24
21
23
2
26
1 27

d

Address Bus

22

20
d

1

22

27

20

Pinouts

D0
D1
D2
D3
D4
D5
D6
D7

11
12
13
15
16
17
18
19

Data Bus

A0
e
A1
A2
e
A3
e
A4
e
A5
e
A6
e
A7
e
A8
A9
A10
A11
A12
A13
A14

62256
g

2764/27128/27256
d

2764/27128/27256

A0-A14
e

D0-D7

OE*
�

CS*
a

Vpp

A0-A14

D0-D7

RD*

ROMCS*

+ 5k

A0-A14

D0-D7

RD*

WR*

RAMCS*

A0-A14

D0-D7

OE*
�

WE*

CS1*
a

62256
g

10
9
j
8
f
7
�
6
g
5
i
4
�
3
h
25
24
21
23
2
26
1 27

d

Address Bus

22

20
d

1

22

27

20

Pinouts

D0
D1
D2
D3
D4
D5
D6
D7

11
12
13
15
16
17
18
19

Data Bus

A0
e
A1
A2
e
A3
e
A4
e
A5
e
A6
e
A7
e
A8
A9
A10
A11
A12
A13
A14

62256
g

2764/27128/27256
d

EGFIH!JZK�LN¶PO ��Q ��LuabX�K��\UVW�`ZL�ab[6c+F�W%O

�G`ZLfðZzIcmL�K�± U«W�JZc+�/X�}/}~}�K�L�²6J	LuYZW��babJ	UVc��6LfH�K�L�[6c+LuK³cm`	[6Y�cm`	Lfab[6v�F�abJ	a ] X sTs zILuK�K�[�cmL � `ZFIzIL
UVc+FIz�z s K�X � F S F�Y	H�L�YZX�JZH!`�ðZzIcmL�K�FIYZH�[6cfc+`ZL�z�X � LuU)cfLu}�}/L�W�c+F � L�U)[6a s zIFIYZHÞK�[6c+LTO��G`ZL�ð	z�c+LuKxabJZU)c
[6zIUVX«`Z[ � L¥[\zIF�Y	Lu[�K s `Z[�UVL¥K�L�U s XuYZU)L¨J s c+X¨c+`ZL¨ab[6v�F�abJ	a ] X sTs zILuK�}�K�L�²6J	LuYZW����6L�W�[�JZUVL¥[\Y	XuYZ�
zIF�Y	Lu[6K s `Z[6U)L\K�LuU s X�YZUVL � XuJ	z S W�`	[6YZH�L�cm`	L s `Z[6U)LfK�L�z�[�cmFIXuY	UV`ZF s Uf��Luc � LuL�Y�c+`ZL�W�XuYZc+K�X�z­UVFIH!Y	[6z
}�K�L�²6JZL�YZW��bW�Xua s XuYZL�YZc+U!O R zIcm`	XuJZH�`�[|`ZFIH!`Z���Ôð	z�c+LuKP`Z[6UN[^abXuK�L�z�FIYZL�[6K s `Z[�UVL�X � L�KPc+`ZL s [6U)UV�
�6[�Y S FIc³[�z�U)X|`	[6Uf[ s XuX�Kfc+K�[6YZU)F�L�YZcªK�L�U s X�YZU)L|c+XbU)cmL s W�`	[6YZH�LuUfFIY ]�_
R X�JZc s JZc)ONEGFIYZ[�z�zI�!ë~c+`ZL
H![�F�Y|Xu}©cm`	L¥ðZzIc+LuK abJZUVc­��L«`	F�H�`|L�YZXuJ	H!`|c+X¨zILucäc+`ZL ]­_®RÔS K�F � L¥cm`	L¥abF�v�LuK�Uªc+X¥abFIYZFIabJZa [�cmc+LuY	�
JZ[�cmFIXuYäO R ð	z�c+LuK�X�JZc s JZc#Xu}~[��6XuJ	c°¦ � XuzIcmU s K�X � F S LuU¨L�YZXuJ	H!`�W�J	K�K�LuYZc°cmX S K�F � Lfcm`	Lf²�JZ[ S K�[�cmJZK�L
abX S JZzI[6c+XuK#cmXPabFIYZFIabJZa [�cmc+LuY	JZ[6c+FIXuY � `ZLuY^JZUVL S�� FIc+`|cm`	L¥abF�v�LuK�FIYZc+LuK�}�[6W�L³W�FIK�W�JZFIc S LuU)W�K�FI�6L S
FIY�c+`ZL§YZLuv�c�UVL�W�c+FIXuY~O

R U)LuW�XuY S ��XuK S L�K�¶°JZc+cmL�K � X�K�c+`�ð	z�c+LuK � [�U¥U)LuzILuW�c+L S O©�´`ZLf� S ¶¬}�K�L�²6JZL�YZW���F�U¥é �65bÖ`c ëZcm`	L��
FIU 5 O � ë	[6Y S cm`	LNH�[6FIY�F�U 5 O ��O��G`	LNUVW�`ZL�ab[6c+F�W�F�U�H!F � L�Y�FIY�E´F�H�JZK�L§¶³O ÐèO´�G`ZK�LuLNX�}Gc+`ZL¨[6a s z�FIðZL�K�U
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74LS138

A0
A1
A2

E1
E2*
E3*

Y0*
Y1*
Y2*
Y3*

A5
A6
A7

1
2
3

6
5
4

14
13
12

15

IO/M*
A8
A9

IO0CS*
IO1CS*
IO2CS*
IO3CS*

74LS139
2
3

1

4
5

RAMCS*
ROMCS*

Y0*
Y1*

A0
A1

E*

A15

IO/M*

EGFIH!J	K�LN¶PO ��Q6RPSTS K�L�UVU S L�W�X S FIYZH\UVW�`ZL�ab[6c+F�W%O

W�XuYZc+[6FIYZUPc+`ZL s K�XuH�K�[�a [6Y S [��6X�JZc°¦6¦6�x�6��cmL�U«X�}GzIXuX��j��J s cm[��6z�L�U!O
EGF�H�JZK�L�¶PO �¥U)`ZX � U�cm`	L ]�_
R XuJ	c s JZc�W�FIK�W�JZFIc©[�Y S c+`ZL U � FIcmW�`�FIY s JZc©W�FIK�W�JZFIcVOZ��YZL��6���6FIc s XuK�c©XuY

c+`ZLf��¦6é6é R s [�K�[6zIzILuz�F�Y	cmL�K�}�[6W�LfW�`	F s K�Lu[ S U¥cm`	L s XuU)FIcmFIXuY	U¨Xu}´cm`	LfL�F�H�`Zc°c+XuH�H!zIL§U � FIcmW�`ZL�U!OG�G`	LuU)L
U � F�c+W�`	LuU�U)Luc\cm`	LÞU)F�abJ	z�[�cmX�K�± U�K�J	Y _ UVc+X s UVc+[6c+JZUVë¨c+`ZL ] X sTs z�L�K�K�[6c+L � `	LuYycm`	LÞU)FIabJZzI[6cmX�K�FIU
K�JZYZY	F�Y	H!ë©[�Y S c+`ZL§�°E�zIL � Luz � `ZL�Y�cm`	LfUVFIabJZzI[6c+XuK�FIU¨UVc+X sTs L S O~�G`ZL ]�_
R U«[6K�L 2 ¦6���6FIc � [6c+F�X�YZ[6z
Õ�L�abF�W�XuY S JZW�c+XuK ]�R M 2 ¦ 5 ��¡GM ] O´�G`	LuFIK S XuJ	�6zILu���6JZ}�}�LuK�L SìS [6c+[ìK�LuH!FIU)cmL�K�U|[6zIzIX ��� [6zIJZL�U|c+X���L
s K�Lu��zIXu[ S L S FIYZc+X�Lu[�W�` ]­_®R [6Y S cm`	LuY^XuJ	c s JZc´U)F�abJ	z�c+[6Y	LuXuJ	UVzI�NJ	UVFIYZHN[§W�XuababX�YbW�X�YZc+K�X�zZUVFIH�YZ[6z+O

Ù�Ü~o	àái	â�hjqtå6lN�(iZÜ

�G`	L«K�LuW�XuYZU)cmK�JZW�cmFIX�Y�ðZzIcmL�K�UªW�K�Lu[�cmL«[\W�XuY	cmFIYZJ	XuJZU � [ � L�}/X�K�a }�K�Xua c+`ZL S FIU)W�K�Luc+L ]­_®R XuJ	c s JZc)O R
UVFIa s z�L�ðZzIcmL�K�W�[�Y��6L³J	UVL S �6LuW�[6J	UVL³c+`ZL�U)[6a s z�FIYZH¥K�[6cmL�ë�[ sTs K�X�v!FIab[6c+LuzI�¥�N� Ö`c ë6FIU°abJ	W�`b`ZFIH!`	LuK
c+`Z[6Y�c+`ZL¨ab[�v!FIabJZa ] X sTs zILuK�K�[�cmLtO
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8284
f

x1· x2·
RES*

F/C*

EFI

RDY1

RDY2

AEN1*
e
AEN2*
e ASYNC*

OSC
�PCLK

CSYNC
a

MN/MX*

TEST*

HOLD

INTR

NMI

RESET

CLK
a
READY

RESET

CLK
a

READY

14.7456 MHz
+5 k

100k

470 470

1000nF

11

13

14

4

6
g
3
h
7
�

2
d
12

15

+ 5k
N.C.

N.C.

N.C.

+ 5k

AD7
e
AD6
e
AD5
AD4
AD3
AD2
e
AD1
e
AD0
e

8D
f
7D
�
6D
g
5D
i
4D
3D
h
2D
d
1D

CLK
a

OE
�

ALE
e

HOLDA

8Q
f
7Q
�
6Q
g
5Q
i
4Q
3Q
h
2Q
d
1Q

74LS373
�

D7
D6
D5
D4
D3
D2
D1
D0

RD* WR*
b

IO/M*

RD*

WR*
bIO/M*32

h
29
d

28
d

RESET

A16-A19
e

A8-A15 A8-A15

N.C.

8088
f

10

8
f
5
i

21

19

22
d

33
h

23
d

35-38
h

8-2,39
f

31
h
18

17

25
d
30
h

9
j
10
11
12
13
14
15
16

11 1

1

A7
e
A6
e
A5
A4
A3
A2
e
A1
e
A0
e

17 16

reset

8284
f

x1· x2·
RES*

F/C*

EFI

RDY1

RDY2

AEN1*
e
AEN2*
e ASYNC*

OSC
�PCLK

CSYNC
a

MN/MX*

TEST*

HOLD

INTR

NMI

RESET

CLK
a
READY

RESET

CLK
a

READY

14.7456 MHz
+5 k

100k

470 470

1000nF

11

13

14

4

6
g
3
h
7
�

2
d
12

15

+ 5k
N.C.

N.C.

N.C.

+ 5k

AD7
e
AD6
e
AD5
AD4
AD3
AD2
e
AD1
e
AD0
e

8D
f
7D
�
6D
g
5D
i
4D
3D
h
2D
d
1D

CLK
a

OE
�

ALE
e

HOLDA

8Q
f
7Q
�
6Q
g
5Q
i
4Q
3Q
h
2Q
d
1Q

74LS373
�

D7
D6
D5
D4
D3
D2
D1
D0

RD* WR*
b

IO/M*

RD*

WR*
bIO/M*32

h
29
d

28
d

RESET

A16-A19
e

A8-A15 A8-A15

N.C.

8088
f

10

8
f
5
i

21

19

22
d

33
h

23
d

35-38
h

8-2,39
f

31
h
18

17

25
d
30
h

9
j
10
11
12
13
14
15
16

11 1

1

A7
e
A6
e
A5
A4
A3
A2
e
A1
e
A0
e

17 16

reset
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�6J	U!Oß�G`	L��6¦�� 3 W�zIXuW���W�`ZF s¬s K�X � F S L�U�[�éì� Ö`c W�z�X�W��ß}�X�Kxcm`	LÞ� 5 �6�ÞabF�W�K�X s K�XuW�LuU)UVX�KrOy�´`ZL
�63 ¡GÕ�� � � S L�abJZzIcmF s zIL�v!LuUPc+`ZLf� 5 �6��± U³[ StS K�LuU)U _'S [�cm[^�6J	U!O

EGF�H�JZK�L�¶PO � UV`	X � U°c+`ZL�abLuabX�K��¥[6Y S µ _ �¬[ StS K�L�UVU S L�W�X S FIYZHPW�FIK�W�JZFIcmU�O R �63 ¡´Õ 2 �6Ð S JZ[6ztc � X��
c+Xu��}/X�JZK S L�W�X S L�K�UVL�zILuW�cmU�LuFIcm`	LuK#c+`ZL¥� R ��X�K cm`	L¥w°¸G������O R �63 ¡´Õ 2 ����c+`ZK�LuL��/c+Xu��LuFIH!`	c S LuW�X S LuK
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UVFIH�YZ[6z©}�XuKªc+`ZL ]­_®R U�O
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W�XuababX�Y�}�[6W�c+XuK�ëZcm`	L s LuK�F�X Sx� F�zIz©��L������ S F � F S L S �6��c+`ZL¨z�[�K�H�LuU)c W�XuababX�Y�}/[�W�c+XuK%O
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s K�FIab[6K�F�zI�{��LuW�[6JZU)L\[ S L � L�zIX s abL�YZcªU)�!U)cmL�abëä[6Y�µ�¶°� ¸GM°ë � [6U§K�Lu[ S F�zI�{[ � [6FIz�[��6zILTOP�G`ZL\� 5 �6�
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µ·Y�cm`	F�UªW�[�UVL¨c+`ZL¥abX�UVc°U)FIH!YZFIðZW�[6Y	c���F�c~UVL�zILuW�cmU�[\zIL � Luz�X�}�L�F�c+`ZL�K 5\S ¶,=� �U � FIc+W�`{Xu}�}�¤/ë�XuK?>~¦ 5�S ¶
 �U � FIcmW�`�XuY	¤�O°�G`	L 5^S ¶yzIL � Luz�F�U¨JZU)L S�� `ZLuY�abL�[6U)JZK�F�Y	H^c+`ZL�abL�[6Y�UVFIH!YZ[�zGzIL � Luzä[�Y S c+`ZLA@~¦ 5
S ¶�z�L � L�zZFIU³JZU)L S c+XPW�`	LuW��xcm`	L¥W�[6zIF���K�[6c+FIXuYxXu}©cm`	L¨}/[ S FIYZH§UVFIabJZzI[6c+XuK [6c+cmL�YZJ	[6c+F�X�Y~O´�G`	LPW�XuY	cmK�Xuz
UVFIH�YZ[6z � [�z�J	LuU¥c+`Z[�c s K�X S JZW�L�[ 5^S ¶¬��E�z�L � L�z´[�K�L§W�X�a s JZc+L S �6��UVJ	ababFIYZH�cm`	L s X � LuK�U«X�}Gc+`ZL
YZFIYZLNUVFIYZJ	UVX�F S U!O

M.S. bit selects level when stopped L.S. bit sets run/stop mode
0=stopped
B
1=run

0=0dB
B
1=-20dB

middle 6 bits select 
Doppler rate

E´F�H�JZK�L§¶³O 3èQ Õ � F�c+W�`�K�LuH�F�U)cmL�Kª�6FIc+U!O

�G`ZL s `Z[6U)L\  5 c+Xb¦*CT¤�Xu}�Lu[�W�`�Xu} c+`ZL�Y	F�Y	LbU)FIYZJZU)XuF S UfF�U¨K�L s K�LuU)LuY	cmL S �6�|[{��¦6���6FIc³F�Y	cmL�H!L�KrO
w°[�W�`�U)F�Y	JZU)XuF S ± U s `Z[6U)LfF�U¨FIYZW�K�L�abLuYZc+L S X�YZW�L s LuKPU)[6a s z�Lf�6�b[6Y�[6abXuJ	YZc s K�X s X�K�c+F�X�YZ[�zGc+X�FIcmU
}�K�L�²6JZL�YZW��ZO��´`ZL s `	[6U)L«FIYZW�K�L�abLuY	cmUP[�K�L¨K�Luc+K�FIL � L S }/K�Xua [\¦�� 563 �/���!c+L¨c+[6�6zIL¨  �63b] X sts zILuK�K�[�cmL�U

D Ð�U)FIYZJZU)XuF S UFE 3 ���!c+LuU)¤�O R zIF�U)c+F�Y	H�Xu}�c+`ZL�EG�����G� RP� s K�XuH�K�[�a J	UVL S cmXxH!L�YZL�K�[�cmL{cm`	LuU)L
c+[6�6zILuU�FIU³H!F � L�YxFIY RPsTs LuY S FIv�wPO��G`ZL s `	[6UVL¥W�XuJZY	cmL�K�Uª[�Y S FIYZW�K�L�abLuY	cmUª[6K�L¥UVW�[6zIL S U)XPc+`Z[�c�c+`ZL
zILu[6U)c³U)FIH!YZFIðZW�[6Y	c 2 ¦��6FIcmUfX�} cm`	L^abX�UVc³U)FIH!YZFIðZW�[6Y	cP  24� ���6FIcm¤ � XuK S Xu} c+`ZL s `	[6UVL^W�XuJ	YZc�}/X�K�aî[
s X�F�Y	cmL�K¥F�Y	cmX\[{UVW�[6zIL S W�X�UVFIYZL\c+[6�6zIL�X�}�¦ 563 �{  2�� �/��F�c+¤ � X�K S U!Oª�G`ZL � [�z�J	LuU§z�X�Xu�jL S J s FIY�cm`	LuU)L
c+[6�6zILuU¥W�XuY � LuK�c�c+`ZL s `Z[6U)LuU«c+X§c+`ZL�XuU)W�F�zIz�[�cmX�K¥X�JZc s JZc+U�O��G`	L�X�UVW�F�zIzI[6c+XuKP[6a s zIFIcmJ S LuU«[6K�L�UVL�c �6�
c+`ZL�UVW�[6zIF�Y	H§X�}ècm`	L³W�XuU)FIYZL³cm[��6z�L�U!Oè�´`ZL � [�z�J	LuU�X�}ècm`	L³Y	F�Y	LPUVFIYZJ	UVX�F S U�X��6c+[6FIYZL S FIY|c+`ZFIU � [6�¨[�K�L
[ StS L S c+X�}/X�K�a c+`ZL ã [6Y S J UVFIH!Y	[6zIU!O R zIF�U)cmFIYZH¨X�}ècm`	L s K�XuH�K�[�a J	UVL S cmXPH�LuYZL�K�[�cmLªcm`	LuU)L«c+[6��z�L�U
FIUNH�F � LuY�FIY RPsTs LuY S F�v^wPO#��YZLfc+[6�6zIL�FIUNK�Lu²�JZFIK�L S }�XuKPL�[6W�`�X�}~cm`	L�ð � LfX�UVW�F�zIzI[6c+XuK¨[�a s zIF�c+J S LuU!O
�G`	LNð � L¨UVW�[6zIL S W�X�UVFIYZLNc+[6�6zILuU�Xu}G¦ 563 � 2�� �/��F�c � [6zIJZL�U³K�Lu²�JZFIK�L§¦ 5 �x�6��cmL�U!O

�G`ZL�zIX � L�UVc ] X sts zILuK�K�[�cmL�c+`Z[�c§W�[�Y��6L�H�LuY	LuK�[6c+L S FIU S L�cmL�K�abFIYZL S �6��cm`	L�zILuY	H!c+`�X�}�c+`ZL
W�XuU)F�YZL�cm[��6z�Lb[�Y S cm`	L^��[6Y St� F S cm`�Xu}�c+`ZLbK�L�W�X�YZUVc+K�JZW�cmFIXuY�ðZzIcmL�KrO«µ·}�[�UVFIYZJ	UVX�F S ± U§}/K�Lu²�JZLuY	W��{FIU
UVX³zIX � c+`Z[�c~cm`	L¥UV[�abLPUV[6a s z�L � [6zIJZLPFIU�cm[��jLuY{}/K�Xua cm`	L¥c+[6�6zILHGPc+F�abL�UVë�c+`ZLJI�KLKMIONQPSRUT1I�UV[6a s z�FIYZH
K�[6cmL|[6c¥c+`Z[6c«}�K�L�²6JZL�YZW���`Z[�Ux��LuL�Y�K�L S JZW�L S �6�WV�O�Õ�FIYZW�L^cm`	L�Lu}�}/L�W�c+F � L|UV[�a s zIFIYZH�K�[�cmL|abJZU)c
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�^�`�^�����J�������Q� �Q�O���`�������W���8�������`�3� �8��¡£¢¤���J� �¥�f¢¤���O�¦�O�§��¢¨¢¨�O��©��8ª����¦�`���¬«®­�¯.°M±³²)¡�������ª�´�� �¥� µ
�f�`�����f� �8�¤�¶�8�J�Q¡����f� �A�¦�·�^�`�^�¸�3�^� ������¢¨¢¤�Q� ©^�`ª������8� �A�¦�·�¦¡��
¹ �������f�`������ª�¢¨�`�`�¦���¨�
�¨�`�f���Q�`´����¦�`���
��������¡��H�¨� �f�`�Q� �³�f¢¨� �Q���O��ª�º ��» ±

0.983 f

0.932 f

0.739 f

0.603 f

0.446 f

0.274 f

0.092 f

1.000 f

0.850 f

d

d

d

d

d

d

d

d

d

0.765

1.414

1.848

1.848

1.414

0.765

2.000

1.848 -0.765

1.414 -1.414

0.765 -1.848

-2.000

1.000 1.000

Q control signal I control signal

¼ �`�^���Q�¾½¿± ��À ¹J�������O�����8� �H��µÁ��¡��¾¢¤�f� ���¨� ÂU�Q�����¨� ªÃ�O�����¦�O�����f�`�^�����8���f¡�� �J�`��� ��¡��,µU�Q� Ä���� ���O�8� �o�����
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