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Ââåäåíèå

Â äàííîì äîêóìåíòå ïðåäñòàâëåíî îïèñàíèå çàäàíèé äëÿ ëàáîðàòîðíûõ ðà-
áîò ïî äèñöèïëèíå ¾Ñõåìîòåõíèêà¿ äëÿ ñòóäåíòîâ âòîðîãî êóðñà ÍÈÓ ÈÒÌÎ.

Ëàáîðàòîðíûå ðàáîòû îõâàòûâàþò ñëåäóþùèé ñïèñîê òåì:

1. Ëàáîðàòîðíàÿ ðàáîòà �1: ¾Ââåäåíèå â ïðîåêòèðîâàíèå è àíàëèç öèôðî-
âûõ ñõåì¿.

2. Ëàáîðàòîðíàÿ ðàáîòà �2: ¾Ïðîåêòèðîâàíèå êîìáèíàöèîííûõ ñõåì¿.

3. Ëàáîðàòîðíàÿ ðàáîòà �3: ¾Èññëåäîâàíèå òðèããåðîâ è ñõåì ïîñëåäîâàòåëü-
íîñòíîãî òèïà¿.

4. Ëàáîðàòîðíàÿ ðàáîòà �4: ¾Èññëåäîâàíèå ñõåì ïîëóïðîâîäíèêîâîé ïàìÿ-
òè¿.

Âñå ïðàêòè÷åñêèå çàíÿòèÿ ïðîâîäÿòñÿ ñ èñïîëüçîâàíèåì ÑÀÏÐôèðìû Cadence:

• Virtuoso Schematic Editor XL (IC6.1.6)

• Virtuoso Analog Design Environment XL (IC6.1.6)

• Virtuoso Multi-mode Simulation with AP Simulator (MMSIM 13.10.066)
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1 Ëàáîðàòîðíàÿ ðàáîòà �1

1.1 Öåëü è ïîðÿäîê âûïîëíåíèÿ ðàáîòû

Öåëü ðàáîòû

• Ïîëó÷åíèå áàçîâûõ çíàíèé î òåõíîëîãèè ÊÌÎÏ

• Çíàêîìñòâî ñ îñíîâíûìè ïàðàìåòðàìè öèôðîâûõ âåíòèëåé

Ïîðÿäîê âûïîëíåíèÿ ðàáîòû

• Âûïîëíåíèå îáÿçàòåëüíîé ÷àñòè, â êîòîðóþ âõîäÿò çàäàíèÿ 1-4. Äàííàÿ
÷àñòü îäèíàêîâà äëÿ âñåõ âàðèàíòîâ.

• Âûïîëíåíèå çàäàíèÿ 5 ñîãëàñíî âàðèàíòó.

• Îôîðìëåíèå îò÷åòà ñîãëàñíî ïðåäúÿâëÿåìûì òðåáîâàíèÿì.

1.2 Çàäàíèÿ ê ðàáîòå

1.2.1 Ìîäåëèðîâàíèå ðàáîòû ÊÌÎÏ-èíâåðòîðà

Ïîñòðîéòå ñõåìó ÊÌÎÏ-èíâåðòîðà (ðèñ. 1).

Ðèñ. 1: Ñõåìà ÊÌÎÏ èíâåðòîðà
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Ñîçäàéòå ñèìâîë (symbol view) äëÿ èíâåðòîðà (ðèñ. 2).

Ðèñ. 2: Ñèìâîë äëÿ ÊÌÎÏ èíâåðòîðà

Ïîñòðîéòå ñõåìó äëÿ òåñòèðîâàíèÿ èíâåðòîðà (ðèñ. 3).

Ðèñ. 3: Ñõåìà äëÿ òåñòèðîâàíèÿ ÊÌÎÏ èíâåðòîðà
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Ïðîâåäèòå ìîäåëèðîâàíèå ðàáîòû ñõåìû:

1. Transient Response � ìîäåëèðîâàíèå ïåðåõîäíîãî ïðîöåññà (ðèñ. 4). Ïî
ãðàôèêó îïðåäåëèòå çíà÷åíèå çàäåðæêè ðàñïðîñòðàíåíèÿ ñèãíàëà ÷åðåç
èíâåðòîð.

2. DC Response - ìîäåëèðîâàíèå ïåðåõîäíîé õàðàêòåðèñòèêè äëÿ çíà÷åíèé
VIN â äèàïîçîíå 0 - 1.2 Â (ðèñ. 5). Ïî ãðàôèêó îïðåäåëèòå: ïîðîã ïå-
ðåêëþ÷åíèÿ èíâåðòîðà, ïðèìåðíîå çíà÷åíèå çàïàñîâ ïîìåõîóñòîé÷èâîñòè
äëÿ íèçêîãî è âûñîêîãî ëîãè÷åñêîãî ñîñòîÿíèÿ.

Ðèñ. 4: Âðåìåííàÿ äèàãðàììà ðåçóëüòàòîâ ìîäåëèðîâàíèÿ

Ðèñ. 5: Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïåðåõîäíîé õàðàêòåðèñòèêè
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1.2.2 Ìîäåëèðîâàíèå ðàáîòû âåíòèëÿ È-ÍÅ

Ïîñòðîéòå ñõåìó âåíòèëÿ È-ÍÅ (ðèñ. 6).

Ðèñ. 6: Ñõåìà âåíòèëÿ È-ÍÅ

Ïîñòðîéòå ñõåìó äëÿ òåñòèðîâàíèÿ âåíòèëÿ (ðèñ. 7).

Ðèñ. 7: Ñõåìà òåñòèðîâàíèÿ âåíòèëÿ È-ÍÅ
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Ïðîâåðüòå ðàáîòîñïîñîáíîñòü ñõåìû ïóòåì ìîäåëèðîâàíèÿ ïåðåõîäíîãî ïðî-
öåññà (ðèñ. 8). Ïî ãðàôèêó îïðåäåëèòå ïðèìåðíîå çíà÷åíèå çàäåðæêè ðàñïðî-
ñòðàíåíèÿ ñèãíàëà ÷åðåç âåíòèëü.

Ðèñ. 8: Âðåìåííàÿ äèàãðàììà ðàáîòû âåíòèëÿ È-ÍÅ

1.2.3 Èçìåðåíèå âëèÿíèÿ ðàçìåðà âåíòèëÿ íà åãî ïàðàìåòðû

Äîáàâüòå â ñõåìó èíâåðòîðà ïàðàìåòð drv_str, èñõîäÿ èç êîòîðîãî âû÷èñëÿ-
þòñÿ øèðèíû êàíàëîâ òðàíçèñòîðîâ:

W (p-ÌÎÏ) = 240n * drv_str
W (n-ÌÎÏ) = 120n * drv_str
Ïîñòðîéòå ñõåìó (ðèñ. 9) äëÿ èçìåðåíèÿ âëèÿíèÿ ðàçìåðà âåíòèëÿ íà åãî

ïàðàìåòðû:

1. Èíâåðòîð ðàçìåðà 1X óïðàâëÿåò èíâåðòîðîì 4X

2. Èíâåðòîð ðàçìåðà 1X óïðàâëÿåò èíâåðòîðîì 1X

3. Èíâåðòîð ðàçìåðà 4X óïðàâëÿåò èíâåðòîðîì 4X
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Ðèñ. 9: Ñõåìà èçó÷åíèÿ çàâèñèìîñòè ïàðàìåòðîâ âåíòèëÿ îò åãî ðàçìåðîâ

Ïðîìîäåëèðóéòå ïåðåõîäíûé ïðîöåññ â ñõåìå (ðèñ. 10).

Ðèñ. 10: Âðåìåííàÿ äèàãðàììà ðåçóëüòàòîâ ñèìóëÿöèè

Ïî ïîëó÷åííûì ãðàôèêàì îïðåäåëèòå ïðèìåðíûå çíà÷åíèÿ çàäåðæåê ðàñ-
ïðîñòðàíåíèÿ ñèãíàëà ÷åðåç íàãðóæåííûå âåíòèëè.
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1.2.4 Èçìåðåíèå âëèÿíèÿ êîýôôèöèåíòà ðàçâåòâëåíèÿ ïî âûõîäó íà
çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà

Ïîñòðîéòå ñõåìó (ðèñ. 11), ñîñòîÿùóþ èç èíâåðòîðà ìèíèìàëüíîãî ðàçìå-
ðà, íàãðóæåííîãî ÷åòûðüìÿ èäåíòè÷íûìè èíâåðòîðàìè (fanout of four inverter,
FO4) è èíâåðòîðà, íàãðóæåííîãî îäíèì èíâåðòîðîì.

Ðèñ. 11: Ñõåìà èçó÷åíèÿ âëèÿíèÿ êîýôôèöèåíòà ðàçâåòâëåíèÿ ïî âûõîäó íà
çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà â âåíòèëå

Ïðîìîäåëèðóéòå ðàáîòó ñõåìû è ñðàâíèòå çàäåðæêó ðàñïðîñòðàíåíèÿ ñèã-
íàëà ÷åðåç ïåðâûå èíâåðòîðû â êàñêàäàõ (ðèñ. 12).

Ðèñ. 12: Âðåìåííàÿ äèàãðàììà ðåçóëüòàòîâ ñèìóëÿöèè
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1.2.5 Çàäàíèÿ ïî âàðèàíòàì

Ïîñòðîéòå ñõåìó çàäàííîãî ëîãè÷åñêîãî âåíòèëÿ è ïðîèçâåäèòå å¼ òåñòèðî-
âàíèå.

Ñ èñïîëüçîâàíèåì ïîñòðîåííîãî âåíòèëÿ, à òàêæå âåíòèëÿ È-ÍÅ è èíâåðòîðà
ïîñòðîéòå ëîãè÷åñêóþ ñõåìó ñîãëàñíî âàðèàíòó çàäàíèÿ. Ñ ïîìîùüþ ìîäåëè-
ðîâàíèÿ îïðåäåëèòå çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà äëÿ êàæäîãî âûõîäà.

Òàáëèöà 1: Âàðèíàòû çàäàíèé

� Âàðèàíòà Âåíòèëü Ëîãè÷åñêàÿ ñõåìà

1 OR Y 1 = X1 ∨X2 ∨X3

Y 2 = (X1 ∧X2) ∨ (!X3 ∧X2)

2 NOR Y 1 =!(X1 ∨X2) ∨X3
Y 2 =!((X1 ∧X2) ∨X3)

3 AND Y 1 = X1 ∧X2 ∧X3
Y 2 =!(!X1 ∧X2 ∧X3)

4 XOR Y 1 = (X1 ∨X2)⊕X3
Y 2 = (X1⊕!X2) ∧X3

5 OR Y 1 = X1 ∨X2∨!X3
Y 2 =!(X1 ∧X2) ∨X3

6 NOR Y 1 = X1∧!(X2 ∨X3)
Y 2 =!X1∨!X2∨!X3

7 AND Y 1 = X1∧!X2∧!X3
Y 2 = (X1⊕X2) ∧X3

8 XOR Y 1 = X1⊕X2⊕X3
Y 2 = (X1⊕X2) ∨ (X2⊕X3)

9 AND Y 1 =!X1∧!X2 ∧X3
Y 2 =!(X1 ∧X2) ∧X3

10 XOR Y 1 =!X1 ∧ (X2⊕X3)
Y 2 = (X1⊕X3) ∧X2
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2 Ëàáîðàòîðíàÿ ðàáîòà �2

2.1 Öåëü è ïîðÿäîê âûïîëíåíèÿ ðàáîòû

Öåëü ðàáîòû

• Ïîëó÷åíèå áàçîâûõ çíàíèé î ïðèíöèïàõ ïîñòðîåíèÿ è ôóíêöèîíèðîâàíèÿ
öèôðîâûõ ñõåì êîìáèíàöèîííîãî òèïà

• Èçó÷åíèå ñõåìîòåõíèêè áàçîâûõ îïåðàöèîííûõ ýëåìåíòîâ (ÁÎÝ) öèôðî-
âûõ ñõåì êîìáèíàöèîííîãî òèïà

Ïîðÿäîê âûïîëíåíèÿ ðàáîòû

1. Ïîñòðîèòü ïðèíöèïèàëüíóþ ñõåìó âåíòèëÿ, ñîãëàñíî âàðèàíòó çàäàíèÿ.

2. Ïðîâåñòè ñèìóëÿöèþ ðàáîòû âåíòèëÿ. Îïðåäåëèòü çàäåðæêó ðàñïðîñòðà-
íåíèÿ ñèãíàëà.

3. Ñ èñïîëüçîâàíèåì ïîñòðîåííîãî âåíòèëÿ è èíâåðòîðà ðåàëèçîâàòü çàäàí-
íûé áàçîâûé îïåðàöèîííûé ýëåìåíò (ÁÎÝ). Ïîñòðîèòü òàáëèöó èñòèííî-
ñòè.

4. Èçìåðèòü çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà ÷åðåç ÁÎÝ.

5. Èñïîëüçóÿ ïðîèçâîëüíûå âåíòèëè, ïðîâåñòè, åñëè ýòî âîçìîæíî, îïòèìè-
çàöèþ êîìáèíàöèîííîé ñõåìû:

(a) ìèíèìèçèðîâàòü ÷èñëî èñïîëüçóåìûõ òðàíçèñòîðîâ;

(b) ìèíèìèçèðîâàòü çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà;

6. Èñïîëüçóÿ ïðîèçâîëüíûå âåíòèëè, ïîñòðîèòü êîìáèíàöèîííóþ ñõåìó, âû-
÷èñëÿþùóþ çàäàííóþ âàðèàíòîì ôóíêöèþ. Âñå ïåðåìåííûå â ôóíêöèè �
÷åòûðåõðàçðÿäíûå, áåççíàêîâûå. Èñïîëüçóåìûé â ôóíêöèÿõ ñäâèã ÿâëÿåò-
ñÿ öèêëè÷åñêèì. Â ñëó÷àå ïåðåïîëíåíèÿ íåîáõîäèìî îòáðîñèòü âûõîäÿùèå
çà ðàçðÿäíóþ ñåòêó ñòàðøèå ðàçðÿäû. Ïîñëå ïîñòðîåíèÿ ñõåìû òðåáóåòñÿ:

(a) èçìåðèòü çàäåðæêó ðàñïðîñòðàíåíèÿ ñèãíàëà ÷åðåç ñõåìó;

(b) èçìåðèòü ýíåðãîïîòðåáëåíèå ñõåìû íà ÷àñòîòå 100ÌÃö;

7. Ïîäãîòîâèòü îò÷åò ïî ïðîäåëàííîé ðàáîòå.
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2.2 Âàðèàíòû çàäàíèé

� Âàðèàíòà Âåíòèëü ÁÎÝ Ôóíêöèÿ

1 OR Äåìóëüòèïëåêñîð ¾1 â 4¿ if(X == 0) Y = 1;
else if(X < 5) Y = 2;
else Y = X + 3;

2 NOR
×åòûðåõðàçðÿäíûé êîì-
ïàðàòîð

if(X1 < X2) Y = X1;

else if(X1 > X2) Y = X2 - 4;
else Y = X2;

3 AND
Ñõåìà ìàæîðèòàðíî-
ãî êîíòðîëÿ ñ ïÿòüþ
âõîäàìè

Y = X1 * X2 - X3;

4 NOR
Ïîçèöèîííûé øèôðàòîð
¾8 â 3¿

Y = X1 * 2;

if(X2 > 4) Y = Y * 4;

5 OR
Ïðåîáðàçîâàòåëü âîñüìè-
ðàçðÿäíîãî BCD-êîäà â
äâîè÷íûé êîä

Y = X1 + X2 - X3;

if(Y < 2) Y = Y ¾ 2;

6 NOR
Ïîçèöèîííûé äåøèôðà-
òîð ¾3 â 8¿

if(X1 < X2) Y = X1 - 2;

else Y = X2 - 4;

7 AND
Òðåõðàçðÿäíûé äâîè÷íûé
ñóììàòîð ñ ïåðåíîñîì

if(X1 == 0) Y = X2 ¾ X3;

else Y = X2 ¿ X3;

8 OR
Øèôðàòîð êîäà Ãðåÿ äëÿ
òðåõðàçðÿäíîãî äâîè÷íîãî
÷èñëà

Y = X1 * X2 - X3 * X3;

9 AND Ìóëüòèïëåêñîð ¾4 â 1¿ if(X1 < X2) Y = X2 - X1;
else Y = X1 * 2 - X2;

10 NAND
Äåøèôðàòîð òðåõðàçðÿä-
íîãî êîäà Ãðåÿ

Y = (X1 < X2)? X2: X1 ¾ X2;
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3 Ëàáîðàòîðíàÿ ðàáîòà �3

3.1 Öåëü è ïîðÿäîê âûïîëíåíèÿ ðàáîòû

Öåëü ðàáîòû

• Ïîëó÷èòü çíàíèÿ î ñòðóêòóðå è ïðèíöèïàõ ôóíêöèîíèðîâàíèÿ òðèããåðîâ
ðàçëè÷íûõ òèïîâ.

• Ïîçíàêîìèòüñÿ ñ îñíîâàìè ïîñòðîåíèÿ ñõåì ïîñëåäîâàòåëüíîñòíîãî òèïà
íà áàçå òðèããåðîâ.

Ïîðÿäîê âûïîëíåíèÿ ðàáîòû

1. Ïîñòðîèòü ñõåìó ñèíõðîííîãî òðèããåðà íà âåíòèëÿõ È-ÍÅ èëè ÈËÈ-ÍÅ
ñîãëàñíî âàðèàíòó çàäàíèÿ.

2. Â ïðîöåññå ìîäåëèðîâàíèÿ îïðåäåëèòü âðåìåííûå õàðàêòåðèñòèêè ðàáîòû
òðèããåðà:

• âðåìÿ ïðåäóñòàíîâêè (Tsu)
• âðåìÿ óäåðæàíèÿ (Thold)
• âðåìÿ ïåðåêëþ÷åíèÿ

3. Ðàññ÷èòàòü ìàêñèìàëüíóþ ÷àñòîòó, íà êîòîðîé ñïîñîáåí ðàáîòàòü ðàçðà-
áîòàííûé òðèããåð.

4. Ðàçðàáîòàòü ñèíõðîííóþ ïîñëåäîâàòåëüíîñòíóþ ñõåìó (ÏÑ) íà áàçå ïîëó-
÷åííîãî òðèããåðà. Ðàçðÿäíîñòü âõîäíîé è âûõîäíîé ëèíèé äàííûõ ñîñòàâ-
ëÿåò 4 ðàçðÿäà.

5. Ïðîâåñòè ìîäåëèðîâàíèå ðàçðàáîòàííîé ÏÑ è ïîëó÷èòü âðåìåííûå äèà-
ãðàììû, îòðàæàþùèå ðåçóëüòàòû ðàáîòû ñõåìû.
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3.2 Âàðèàíòû çàäàíèé

� Âàðèàíòà Òðèããåð
Cèíõðîíè-
çàöèÿ

Âåíòèëü
Ïîñëåäîâàòåëüíîñòíàÿ
ñõåìà (ÏÑ)

1 T-òðèããåð Ïî ôðîíòó È-ÍÅ

Ñóììèðóþùèé äâîè÷íûé
ñ÷åò÷èê ñ ïàðàëëåëüíûì
ïåðåíîñîì

2 D-òðèããåð Ïî ôðîíòó È-ÍÅ
Ñäâèãîâûé ðåãèñòð ñî
ñäâèãîì âïðàâî

3 RS-òðèããåð Ïî ôðîíòó È-ÍÅ

Âû÷èòàþùèé äâîè÷íûé
ñ÷åò÷èê ñ ïàðàëëåëüíûì
ïåðåíîñîì

4 JK-òðèããåð Ïî ôðîíòó È-ÍÅ

Âû÷èòàþùèé äâîè÷íûé
ñ÷åò÷èê ñî ñêâîçíûì
ïåðåíîñîì

5 T-òðèããåð Ïî óðîâíþ ÈËÈ-ÍÅ
Äåñÿòè÷íûé ñóììèðóþ-
ùèé ñ÷åò÷èê

6 D-òðèããåð Ïî óðîâíþ ÈËÈ-ÍÅ
Öèêëè÷åñêèé ñäâèãîâûé
ðåãèñòð ñî ñäâèãîì âëåâî

7 RS-òðèããåð Ïî óðîâíþ ÈËÈ-ÍÅ
Ñäâèãîâûé ðåãèñòð ñî
ñäâèãîì âëåâî

8 JK-òðèããåð Ïî óðîâíþ ÈËÈ-ÍÅ
Âû÷èòàþùèé äåñÿòè÷íûé
ñ÷åò÷èê

9 T-òðèããåð Ïî ôðîíòó ÈËÈ-ÍÅ

Ñóììèðóþùèé äâîè÷íûé
ñ÷åò÷èê ñî ñêâîçíûì
ïåðåíîñîì

10 D-òðèããåð Ïî ôðîíòó ÈËÈ-ÍÅ

Ñäâèãîâûé ðåãèñòð ñ
àðèôìåòè÷åñêèì ñäâèãîì
âïðàâî

11 RS-òðèããåð Ïî ôðîíòó ÈËÈ-ÍÅ
Öèêëè÷åñêèé ñäâèãîâûé
ðåãèñòð ñî ñäâèãîì âïðàâî
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4 Òðåáîâàíèÿ ê îôîðìëåíèþ îò÷åòîâ ê ëàáîðà-

òîðíûì ðàáîòàì

Îò÷åò äîëæåí ñîäåðæàòü:

• Òèòóëüíûé ëèñò, íà êîòîðîì óêàçûâàþòñÿ:

� íàçâàíèå óíèâåðñèòåòà

� êàôåäðà

� äèñöèïëèíà

� íîìåð ëàáîðàòîðíîé ðàáîòû

� òåìà è âàðèàíò ëàáîðàòîðíîé ðàáîòû

� Ôàìèëèè È.Î. è ãðóïïà èñïîëíèòåëåé

� Ôàìèëèÿ È.Î. ïðåïîäàâàòåëÿ

• Ñîäåðæàíèå

• Öåëü è çàäà÷è ðàáîòû

• Îò÷åò î âûïîëíåíèè çàäàíèé ðàáîòû. Îò÷åò ïî êàæäîìó çàäàíèþ ñîäåð-
æèò:

� Èçó÷àåìóþ ñõåìó.

� Ðåçóëüòàòû ìîäåëèðîâàíèÿ (âðåìåííàÿ äèàãðàììà).

� Êîììåíòàðèè ðåçóëüòàòîâ (ìèíèìóì 2 ïðåäëîæåíèÿ).

• Îáùèé âûâîä ïî ðàáîòå (êàêèå çíàíèÿ è íàâûêè ïîëó÷åíû).

Òðåáîâàíèÿ ê îôîðìëåíèþ:

• Øðèôò: Times New Roman 12 pt, ìåæñòðîéíûé èíòåðâàë îäèíàðíûé, ïîëÿ
ñ êðàåâ ëèñòà - 2 ñì.

• Ñêâîçíàÿ íóìåðàöèÿ ñòðàíèö

• Îáÿçàòåëüíû ïîäïèñè ê ðèñóíêàì è òàáëèöàì.

Îò÷åò âûïîëíÿåòñÿ â âèäå ñàìîäîñòàòî÷íîãî äîêóìåíòà. Ìàòåðèàë, èçëî-
æåííûé â îò÷åòå, äîëæåí ïîíèìàòüñÿ áåç äîïîëíèòåëüíûõ êîììåíòàðèåâ ñî
ñòîðîíû èñïîëíèòåëåé.
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5 Ïðèìåð ïîñòðîíåíèÿ ñõåìû èíâåðòîðà ñ èñïîëü-

çîâàíèåì ÑÀÏÐ Virtuoso (Cadence)

5.1 Íàñòðîéêà ðàáî÷åãî îêðóæåíèÿ

Âñå êîìàíäû áóäóò âûïîëíÿòüñÿ ñ ïîìîùüþ êîìàíäíîãî èíòåðïðåòàòîðà
bash. Äëÿ íàñòðîéêè ðàáî÷åãî îêðóæåíèÿ ïðîèçâåäåì ñëåäóþùóþ ïîñëåäîâà-
òåëüíîñòü äåéñòâèé.

Â íà÷àëå ñîçäàäèì ðàáî÷èé êàòàëîã è ïåðåéäåì â íåãî:

$ mkdir ~/work
$ cd ~/work

Ñêîïèðóåì ôàéë ñ ïóòÿìè ê áèáëèîòåêàì Virtuoso â ðàáî÷èé êàòàëîã:

$ cp /opt/ cadence / d e f a u l t s / cds . l i b .

Ïðîèçâåäåì çàïóñê Virtuoso â ôîíîâîì ðåæèìå:

$ v i r tuo so &

Åñëè âñå ñäåëàëè âåðíî, òî íà ýêðàíå ïîÿâèòñÿ ãëàâíîå îêíî Virtuoso (ðèñ. 13)

Ðèñ. 13: Ãëàâíîå îêíî Virtuoso
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5.2 Ïîñòðîåíèå ñõåìû èíâåðòîðà

Äëÿ òîãî, ÷òîáû íà÷àòü ñòðîèòü ñõåìû, íåîáõîäèìî ñîçäàòü áèáëèîòåêó äëÿ
íèõ. Ñîçäàíèå áèáëèîòåêè ïðîèçâîäèòñÿ ïóòåì ñëåäóþùåãî ïåðåõîäà ïî ïóíê-
òàì ìåíþ: File -> New -> Library (ðèñ. 14)

Ðèñ. 14: Ñîäàíèå íîâîé áèáëèîòåêè

Â ïîÿâèâøåìñÿ îêíå ââîäèì íîâîå èìÿ áèáëèîòåêè, íàïðèìåð lab1 è âûáè-
ðàåì ïóíêò ¾Attach to an existing technology library¿ (ðèñ. 15). Çàòåì íàæèìàåì
íà êíîïêó ¾OK¿.

Ðèñ. 15: Îêíî íàñòðîåê áèáëèîòåêè

Â îòêðûâøåìñÿ îêíå âûáèðàåì áèáëèîòåêó gpdk090 (ðèñ. 16). Òàêèì îáðà-
çîì, ìû ñâÿçàëè íàøó áèáëèîòåêó ñ ñóùåñòâóþùåé òåõíîëîãè÷åñêîé áèáëèîòå-
êîé, ñîäåðæàùåé íàáîð ìîäåëåé òðàíçèñòîðîâ, êîòîðûå ìû áóäåì â äàëüíåéøåì
èñïîëüçîâàòü.
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Ðèñ. 16: Ñâÿçûâàíèå íàøåé áèáëèîòåêè ñ áèáëèîòåêîé gpdk90nm

Â ñîçäàííóþ áèáëèîòåêó äîáàâëÿåì íîâóþ ÿ÷åéêó (Cell) äëÿ èíâåðòîðà File-
>New->CellView (ðèñ. 17).

Ðèñ. 17: Îêíî ñîçäàíèÿ íîâîé ÿ÷åéêè

Ïðèñòóïèì òåïåðü ê ñîçäàíèþ ñõåìû. Â íà÷àëå ïîìåñòèì íà íå¼ äâà òðàí-
çèñòîðà (nmos1v, pmos1v) èç áèáëèîòåêè gpdk090. Äëÿ ýòîãî â îòêðûâøåìñÿ
ðåäàêòîðå âûáåðåì: Create->Instance (ðèñ. 18).
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Ðèñ. 18: Äîáàâëåíèå òðàíçèñòîðà íà ñõåìó

Äîáàâëåííûå òðàíçèñòîðû ñîåäèíèì ïðîâîäàìè è ïîäêëþ÷èì èõ ê âíåøíè-
ìè ïîðòàìè. Â èòîãå äîëæíà ïîëó÷èòüñÿ ñõåìà, èçîáðàæåííàÿ íà ðèñ. 19.

Ðèñ. 19: Ñõåìà èíâåðòîðà íà òðàíçèñòîðàõ
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Äëÿ èñïîëüçîâàíèÿ äàííîãî èíâåðòîðà â äðóãèõ ñõåìàõ ñîçäàéòå äëÿ íåãî
ñèìâîë: Create->CellView->From CellView. Â ïåðâîì äèàëîãå íàæèìàåì
¾ÎÊ¿. Âî âòîðîì äèàëîãå: â íàñòðîéêàõ ïîìåíÿéòå ðàñïîëîæåíèå ïîðòîâ, êàê
ïîêàçàíî íà ðèñ. 20.

Ðèñ. 20: Îêíî ñîçäàíèÿ ñèìâîëà

Â îòêðûâøåìñÿ ðåäàêòîðå ñõåì ìîæíî îñòàâèòü âñå êàê åñòü, ëèáî íàðèñî-
âàòü áîëåå ïîäõîäÿùèé ñèìâîë (ðèñ. 21).

Ðèñ. 21: Ñõåìà ñèìâîëà äëÿ èíâåðòîðà

Ïîñòðîèì íîâóþ ñõåìó äëÿ òåñòèðîâàíèÿ èíâåðòîðà: Îïÿòü çàõîäèì: File-
>New->CellView
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Äîáàâèì íà ñõåìó ñîçäàííûé èíâåðòåð èç íàøåé áèáëèîòåêè (lab1). Òàêæå
íà ñõåìó äîáàâèì ýëåìåíòû vsource, vpulse, gnd èç AnalogLib ñî ñëåäóþùèìè
íàñòðîéêàìè:

Íàïðÿæåíèå vsource: 1.2 V

Ïàðàìåòðû vpulse:

Voltage1 = 0 V

Voltage2 = 1.2 V

Delay Time = 100 p

Rise Time = 10 p

Pulse Width = 2 n

Period = 4 n

Â èòîãå ïîëó÷èòñÿ ñõåìà, ïðåäñòàâëåííàÿ íà ðèñ. 22.

Ðèñ. 22: Ñõåìà äëÿ òåñòèðîâàíèÿ èíâåðòîðà
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5.3 Ìîäåëèðîâàíèå ñõåìû èíâåðòîðà

Òåïåðü ïðîâåäåì ìîäåëèðîâàíèå ðàçðàáîòàííîé ñõåìû, ÷òîáû óäîñòîâåðèò-
ñÿ, ÷òî ìû ïîëó÷èëè æåëàåìûé ðåçóëüòàò. Äëÿ ýòîãî îòêðîåì îêðóæåíèå Analog
Design Environment, ñîâåðøèâ ñëåäóþùèé ïåðåõîä ïî ìåíþ Launch->ADE
XL. Â îòêðûâøåìñÿ îêíå âûáèðàåì Create New View.

Cîçäàäèì íîâûé òåñò äëÿ ñõåìû inverter_tb: Create->Test. Ïîñëå íàæàòèÿ
íà äàííûé ïóíêò ìåíþ îòêðîåòñÿ îêíî ADE XL Test Editor (ðèñ. 23).

Ðèñ. 23: Îêíî ADE XL Test Editor

Íàñòðîèì áèáëèîòåêó ìîäåëåé ýëåìåíòîâ. Äëÿ ýòîãî â ìåíþ âûáåðåì Setup-
>Model Libraries. Çàäàäèì ïðàâèëüíûé ïóòü ê áèáëèîòåêå è óêàæåì â ïîëå
ñåêöèè (Section) çíà÷åíèå FF (fast-fast models) äëÿ ìîäåëåé ýëåìåíòîâ. Îêíî ñ
íàñòðîéêàìè ïîäêëþ÷àåìîé áèáëèîòåêè ïðåäñòàâëåíî íà ðèñ. 24

Ðèñ. 24: Îêíî íàñòðîåê ïîäêëþ÷àåìîé áèáëèîòåêè ìîäåëåé ýëåìåíòîâ
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Íàñòðîåì òåïåðü îêðóæåíèå äëÿ äâóõ âèäîâ àíàëèçà ñõåìû: DC Sweep Analysis
è Transient analysis. Äëÿ ýòîãî âûáåðåì Analyses->Choose. Íóæíûå íàì íà-
ñòðîéêè ïîêàçàíû íà ðèñ. 25 è ðèñ. 26.

Ðèñ. 25: Îêíî íàñòðîéêè Transient analysis

Ðèñ. 26: Îêíî íàñòðîéêè DC Sweep Analysis
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Äëÿ çàïóñêà ñèìóëÿöèè âûáåðàåì Run->Single Run .... ×òîáû ïðîñìîò-
ðåòü ðåçóëüòàòû ñèìóëÿöèè â ãðàôè÷åñêîì âèäå íóæíî ïåðåéòè íà âêëàäêó
Results è íàæàòü íà êíîïêó Plot all waveforms (ðèñ. 27).

Ðèñ. 27: Ïóíêò Plot all waveforms

Â ñëó÷àå óñïåøíîé ñèìóëÿöèè óâèäèì ãðàôèêè, ïðåäñòàâëåííûå íà ðèñ. 28.

Ðèñ. 28: Ðåçóëüòàòû ñèìóëÿöèè: âðåìåííûå äèàãðàììû
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