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MOS Transistors in Digital Circuit
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Tri-State Inverter
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P =CV2F

C: Load Capacitance
Vdd V: Power Supply Voltage
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Memory
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SRAM (Static Random Access Memory)
DRAM (Dynamic Random Access Memaory)
Non-Volatile Memory (EPROM, Flash Memory .. .)
ROM (Read Only Memory)
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Switched Capacitor[@l 3% CMOS LSlIZ@EL=77F0% (T /'S'UL)IEE%

e &2 s 1 g 1
+ I : + + ?IA' +
Parallel switched Vi ¢ i %C i é}% V1¢ 4}%
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124U, NI NI
! % T 3,21 2T 52_T ar W
{c)
Fig. 2.2-1. (a) Parallel switched capacitor realization of a continuous resistor. (b) Continuous
C':bltl. *L 5& {J\%E Tm—_ resistor. (c) Clock waveforms for the switched capacitor realization.
T 37 0TI 03T = ik
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Series switched capacitor resistor

= S L PR
|

|
. 5 |
I
Y d) } -k l’ V,
l c |
| |

1
' i
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Switched Capacitor Equivalent RC Networks
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Fig. 2.3-3. (a) Switched capacitor realization of Fig. 2.3-1 using the parallel configuration.
(b) Clock phasing.
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Verilog Hardware Description Language

« 1984 Gateway Design Automationtth‘Verilog ZRAF.

o M T I0FELEKXEHEHHHE TRAEFIE S uf=VHDL (VHSIC
Hardware Description Language) & & (ZZERFRIEXE L I

2o
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.70D7\\3AE30)& hlhahj —d—/\-to)nﬁ—%‘j:lﬁlﬁ
[CE)<,
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COUNTER4

. = ZOTHRO
Verllog ICXSRIES ﬁﬁﬁﬂ 7"'&» DATA_IN .
4 COUNT i
=l MAX_VAL
DOWN
module COUNTER4 (DATA_IN,CLK,LOAD,DOWN,MAX_VAL,COUNT,ZERO );
input [3:0] DATA_IN; — = LOAD ZERO -
input CLK, LOAD, DOWN,; CLK
input [3:0] MAX_VAL;
output [3:0] COUNT;
output ZERO;
wire [3:0] REG_IN, NEW_COUNT;
wire REG_LOAD,;
assign ZERO = ( COUNT == 4'b0 );
//COUNT+ 0 TZERO=1
assign NEW_COUNT = ( COUNT == 4'b0 ) ? MAX_VAL : (COUNT - 1'b1):
// COUNT/J"O?& bMAX_VAL%#‘LL‘,l%lzt-1
assign REG_IN = ( LOAD ) ? DATA_IN : NEW_COUNT,
//LOADTDATA_INZ TN LISHINEW_COUNT
assign REG_LOAD = ( LOAD | DOWN ); B
//LOADZ 7=(3DOWNTREG_LOAD=1 =2 L((j: FPGA
REG4 REG_BLKT ( REG_IN, CLK, REG_LOAD, COUNT );
//4E v bRegisterD &g 0)":’\7_ IS

endmodule
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