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COMSM1302 Lab Sheet 4 #Hfi# 1 HEaE# (TRANSISTORS)

1 FEHHY (Transistors)

i

75 Logisim _F 5 5 1 L R g : NOT A. A NAND B. A AND B. A NOR B. A OR
B W 1 G WL, p R SR (9. n AESE (B0 BT (Va)
BT (Vi) . BAE wiring BR=JHEH .

S M PR R A B B BRI (S YR ) -

Tk | gate=0 | gate=1 | fHEMHIE
n A (4EEE) 0 (BAE Vis fll, B

BB il
ST BB

p M (gate AHIH[E) 1 (HCAE Vaa B, $26)

CMOS WEtic)y : &R = Ehifig (p M, 8 Vi, AEWH 1) + FhgEE (o 8, £
Vs, BEHIH 0), WA BA——T NS N8 IF—IB 800, W AoEw MRS, H
BAW Vig BB Vi HIREREK.

(1) NOT A (2 ).

Vad

Q=-4

A=0: pEE. n BB = Q 3| Vyg (1); A=1: p B, n &l = Q #hiz Vi, (0) Vo
(2) ANAND B (4 ) : p Wi n B
2 0 ME—(&F 2 A =B =1 = FHIESCWAE [EHCEE A E ] —H, s 1

HIEEE TE—% 0) = LB [ME—EsmmtiE ) GG o
Vad Vad
B
a4
—Q
4]
B
Vss




COMSM1302 Lab Sheet 4 #Hfi# 1 HEaE# (TRANSISTORS)

B4 B A=B=0: W p il — Q=1; A=0,B=1: ps ## — Q=1; A=1,B=0: pp i# — Q=1;
A=B=1: Wi n %l — Q=0 v/ (IF#& NAND),

(3) ANOR B (4 ): p HHf n .

Bl NAND SE4¥E: a1 %2 A=B=0= LW % 1 8EHE 0=
AR

Vaa

(4) A AND B (6 ) = NAND + NOT.

CMOS KA R & TRAH) B (p £ BB n £ TR AIAISL A H R EH) » 2 AND,
(2) Ry FER] (1) R9AN: AANB=-(AAB). £ 4+2=6 .

(5) AOR B (6 ) = NOR + NOT.

FAH: AvB=-(A]lB), i 3) Wimhiffgr. tt4+2=06 .

Logisim #HAMH (wiring pizE) :

« p B (facing south): FHEHE LTI Vag WA T fnti—p BEE TE T 1J n
Bt (facing north): FHHEHE T TR Ves HilH) L7 fH—m REH T LR 04,
ST IR FEIRA R AR, el TEEAB L

o gate JAMAEMITE (&M Gate Location Ali# /1), p B gate A/NEIRE (10 AEE] (Y
g, BB RE )

+ Logisim E@%a%%%%%ﬁﬁi&ﬁ' ANE R FiE (Z2); %i?%@ﬁ%@%—%ﬁﬁ@%%

pas
n

L
A=1,B=0 H%?) L?le%?_fﬁﬁljﬁﬁﬂ%ﬁﬁﬂﬁﬁﬁ pull resistor (erlng JEE-S Rz, sk
HE 77 Logisim 2.7;

o ZRHBgRE: B 1 AoTIAMIG. HTF (poke TH) MZEESRA(ERAET &,

J‘El%“ﬁﬂ"ﬁ‘ﬁﬁ
FftEE AND % 6 Biii NAND H% 4 F? 528 MEmEsE [NAND KA 1%
HERE RN : CMOS #ifgh p & LS. n B MR TAEFEREAROAZ R (A 152
T, HrdH&E 0). TIEMH) H (AND. OR) #5HEA—SUR &I ARE—FRr L LR AT EE R 1
NAND/NOR, Ehénx?r, s TRIEHERS | HESORTOSCERRAR IR . 5 /MER NAND B NOR




COMSM1302 Lab Sheet 4 #Hfi# 2 FtBE#EAERIEE (RISE/FALL DETECTOR)

HU%HH: NAND 2 n Bl ). NOR 2 p Hilff M p BHREREE. BRRXAAETH
#)—2F, EEBEEE_EhiE, ERtE NOR e NAND 8. f4H 5% NAND [ RHJE .

2 Ft/FEsidllgs (Rise/Fall Detector)

R E SR ALY one-shot FBEESEERT—METT PR (EHIZT . FEARFERS, 1 focHA iny W 1 AT
Wit rise Bl fall., TERFIR EJ1%%:

o # in H EE_ETHE LR BIREE S, rise [ (8 RARIE A e 7R o R A 5
o # in MIRAIR, fall JEHTH —(HEE IR IR o

\ SE B one-shot 7 EEHE; FHE one-shot [1] Mealy #akaT HH7

fits
Sl R H ) one-shot. one-shot 18 [RAZHY 1) &AM [MEE—FAMY 11, %%%%%Tﬁﬁﬂﬁlﬁﬁzli:\

o Moore it (3 ARAE. 2 fEIEER): Xnew = (X VY)Ain. Yyew = "X A=Y Ain. out =Y ;

o Mealy hz (1 1L : HIERGHEEAR G F . Spew = in, out = 2S Ain
(BifE2 1. B2 0) =RIThE.

fz—: H one-shot FEE4H%E (2 {ll one-shot + 1 fif NOT).,
FGEBIEL: in N FBEGIE -in B9 BT FTLL:

in one-shot —— rise

I one-shot [—— fall

(WA R ) — )
rise = one-shot(in): in FFEBIKME —F1 v'; fall = one-shot(—in): in [ (—in FHiE) &
fIkfE—41 o F£ Logisim FH{lFaE T one-shot B {7l subcircuit, BRI

Bk = HIUGE Mealy g5t (1 BIERES + 2 8l AND + 1 fil NOT).

Mealy one-shot [ IEasfFHIE [ E—4ARYEIA ) So G S (25) Bd in (BIfE) LAERIRHE
T e




COMSM1302 Lab Sheet 4 #£fi# 3 FERE#EEE (PROGRAM COUNTER)

(&

$ (L—41) in (BE) | rise fall | it

0 0 0 0 | —HEMK
0 1 1 0 Wi ke

1 0 0 1| [@IFET

1 1 0 0 | —HES
rise = in A S, fall = ~in A S.

rise

in

AR

D=

BT GEFREZ): S Ahf NOT fi—D [IER&SAKMA Q ft. L rise T Q
------ FREMEIRE: rise =inAQ (# Q). fall = —inAQ (¥ Q. in ii—{f NOT). #
A 1 fAIERSE. 2 {f AND. 1 {f NOT.

frksBees (WEARIZARE to, t1, ... ) & in 78 ¢y B to ZITHIE. to HE S 12 0 ((L—4afFH),
in B2 1= rise=1; to B#H% S BH& 1 = t3 L rise= 0—— 37— MR v TFEY
FRIFFE o

.

-~

ﬁﬁ¢%%%ﬁ§@%%ﬁ§:@%¢%(ﬁﬂ@?/m%%@ﬁ%%%%%@ﬁ(mmT@\
IABETTAEHD « FHEE SRR €. EWRIR T Mealy HERUIRMERS: il BGRTA [HIRAE
+#N | RAHAE . H Moore #¢ (frth UERRE) WHA TR ——E# 1 H1E et R R
RIS, Moore WUAIRH] 3 fE;IRAELL_EA AR 2 RIERHIZH

Ve

3 FERXEHEEY (Program Counter)

-
1 Logisim EEEFENE#es: = 1 . C#i A\ reset. inc. load, —f{HI:ARENIAN, 16 I
BN in, 16 ATl out. fEREIR_TF4%: reset |5 — out #%¥% 0; load |5 — out F%74% in;
inc & — out 7y out+l. =EEL—NE. BHKLE out [REFAEE.

fiv .
W — 16 RUTRES+ TR ALAEIR. B B R TR
DRI =T H RS T — R (T = 16 (0 2401 T8
AT




COMSM1302 Lab Sheet 4 #Hfi# 3 FEXEMEE (PROGRAM COUNTER)

next = MUX(MUX(MUX(out, out + 1, inc), in, load), 0, reset)

D Q
Register
>clk

I Ak

Logisim #H#E7E .

o B{E4%: memory PR Register, Data Bits = 16, KR E#:2 E. enable {574 1 (£3:{#
ETHEHEAN next——={E{EHIEE 0 B my 1BIVE out BT, BEIFMEZER [HREE):

o J—4%: arithmetic PR #HAY Adder (—umtEi# 1) HAABEME @k, 7THECM
[ 4 frITRIG AR 16 27T,

o =M MUX: plexers Pzt Ji, Data Bits = 16. Select Bits = 1; j%32w4> 4% inc. load.
reset;

o W 0: wiring K lE Constant (Data Bits = 16. {E 0x0000) .

BB reset MUERAR 4> BRI ieiolil) MUX B5ehif s, MEBEE =522 0
Fyim, ABIEESETHERL reset > load > inc EZEFUER] (B ZEURE —1) BRI 2
nand2tetris [ PC & 5 4% :

if reset: out=0 elif load: out=in elif inc: out=out+1 else: out=out

BRiBififE: reset fT—4 — out=0; inc= 1 @ET — 0,1,2,3,4,5; load il in= 100 fJ—
) — 100; F inc WdH — 101, 102; 28k 0 B84 — #EH 102 v,

J

BhRAEEN TGP ST 2 S TE Hack CPU |y PC: “PH inc (BEEITH —
PHAE2) BRI load (311 A Wifrdi HARGLUEHIN) « BABKIR reset (4 ROM[O0] BHAR) o 1R
L I se T CPU By REATRSE |




COMSM1302 Lab Sheet 4 #Hfi# 4 A%k (TRAFFIC LIGHTS)

4 #1 %P (Traffic Lights)

T NI T HRER , ALAREIKPIRTR . &% = 8 = 4L = P45 = #k. (/1] one-hot Ff§ (F(H
RRE R TT AT IE S AT 1) :

kg | %if% GARF
%% (green) 1000
# (amber) 0100
AL (red) 0010
P (flashing amber) 0001

4.1 jRAEEFEE——Moore 2/ Mealy?

R AR [, L 1 A7JCH A\ change JRE: change S HIERFHIHY F—EARAR. KH]
ANHf, 152 Moore j& & Mealy #4?

fivss .

(IN_ERY 2 change HY{H.)

i Moore f#. F¥: i (2R RBHFDREBRE—REBATTAS ST H,
A change HEZZEFSRINRAE, NE RS20 . 200 F R BRI B ELE TN (526 2 fi
Mealy fifi one-shot [ out = =S Ain), A4+2 Mealy #.

42 RAERHEER

\
R ARRE: B change (1 f27T), $rth PUMERABALTC A8 R ARG 3R [ B o
L PIMR (202 N) JIRBIEAAE. $275: one-shot A] FHAREEVI LA AE.

J

firss §
one-hot 45T —RAEMIH AR, (YRR HRAE ) — ORI | ARSI (F 2




COMSM1302 Lab Sheet 4 #Hfi# 4 A%k (TRAFFIC LIGHTS)

®&EEE G) s [Bh) = BATTirfs. BEMITHRITER:

Grew = (change A F —change A\ G),

)

= (

Apew = (change N G
= ( —change \ R),
= (

)V ( )
) V (—change A A)
Rpew = (change N A) V ( )
)V ( )

Frew = (change A R —change \ F).

ik Lc%ﬁl?#"i“ﬁﬂ’ﬁ"—“}b@mﬁﬁ%ﬁ 4 ¥8 D IE & astEsER . fF5E D S\ AT —5H 2-to-1
MUX (select = change; 0 ¥i#EH O Q- 1 WEERHT—FEIY Q)

(F %5l G; PUBH MUX K select 4% change, VY4 FF I:HIRER)

A 4 ft——one-shot ;. Logisim [IEf@bi#a%y 0, JIRAE 0000 A&k (RATEM
Rise, TMH 0 FEBREEIKEZ 0000) . fifik: fEHE 1 BoERRE one-shot——BHMR B &t
T F— AR IR indit; F OR FHE init FEAARRLIT:

Ghnew = init V [(change A F) V (—change A G)].

FilE G =1, HER% 0, RAEMMEAE IE R I GEH AR [FMRTEnm ] me) v
ERERERTR AELEEERANE) : init =—(GV AV RV F)— AWM A5
R AREEGE. 8 NOR ([HRINTEN Go e lg BB : I H R R AR
KRR, T —damt & R R ARRE .

4.3 HEEH

A—HE IR i\ start (1 fi77T) . time (16 {77T), HH done (1 fi77T) . start Hf 0
1 EE, 10 time B TEME, FIVEZMERARE L, SAZE done HEFrE, EF start 5|
0. FI{EE% done ¥ 2 | start AL 0. #7n: AIf—M& THIETMEESE ) 1B

%T&i‘mﬂ‘ﬁﬁ*ﬁ%tb@%& ARG TR < XNOR %% 1 Wifi] 16 (i T#UiHE < _‘%ﬂiﬂiﬁﬁ
GEEE

15
equal = [\ ~(a; ®b;) (16 f XNOR + AND #)
=0

Logisim B{{F: Wifdl splitter {8 16 fL7CHFbH. 16 B XNOR. FH LA AND (EIER7H% 16




COMSM1302 Lab Sheet 4 #Hfi# 4 A%k (TRAFFIC LIGHTS)

BN, BEZE MW AND 198 . 77 % Equalsi6,
FhEEes M = GHEES + LRBEAs + 380 B 3 MR atET e

Start B |
done
Equalsi6

time (16b)

?%ﬁwmt

mc

inc = start A —equal equal %]

AR A R

o & start I _LF# (one-shot FEAEM—HINRME) BEETEERH reset
ER 8

BEE 0

o BHB: inc = start A —equal ——start % FUEIEE] B RGN —: WEI 1% inc 8
0. FHEBATE tine, equal FIHEAM GRIEETRE . FHEEBMME)

o 5B done = start A equal start Fi[F] 0 AYW%[E done IREER 0, 5E4FE [#ErE)]

start #F 0 A1k .

WP : start JHE (55 0 f0EZ). 28 LRt 8 1,2,..., 28 time IHFTEUETNE tine =
done FHE——IFSF T time [HRFAREN] v
&

4.4 B ERALARE

\
4.2 B 4.3 BIEREHE 7R, EEHERALARE : —8 1 oo\ GZ8D) MEILLT 7o) ——rHa%
— # (GZED) . H — 4L (B) 2 BMR). 4L — PAE (A 16 BMR). PUHE — & (XU 5 %) . Wik
H 512Hz; PEHAM SR LAKT 1.25Hz 78 1 Bl 0 2 [Hsc8. LUERBEts. 87 mlfl—{EE A4 P

| AT TR J
s §

F—: 48 TRP) BEEER T 1. IR 512Hz = &) 512 4:

10



COMSM1302 Lab Sheet 4 #Hfi# 4 A%k (TRAFFIC LIGHTS)

(FRGARAE | WERR | L (time 1)
iy 2 b 2 x 512 =1024
4L 15 # | 15 x 512 = 7680
SEE 5 b 5 X 512 = 2560

B AR, Wil T RER R T JIRREMEE THUENRMERE 1. B s B R . B
AR A =E:

| AEHE (4.2)
Ereain one-shot GARF ——> LR
—> change

AF (4.3)

start done

Ry

1024 / 7680 / 2560

time

done #E[0| change

1. BEh: #4038 one-shot %%k press (Fr AFZ AHRHBE—IK) . change = press\V
YN (B — N HD) siEre R (CHLaREifs) AR HEERRE

done

2. JEEER: time i BRTHRABA MUX #H——A4 — 1024, R — 7680, F — 2560 (={# 16
NLICH I+ FARREA T 1 2 1 MUX; one-hot #hl Il Bl M 4-to-1 MUX {4l
&, SEfEE : time = (A-1024) V (R-7680) V (F-2560) , 44 S H H 4R B (L TEE AL AND
F OR HA—AGHR, Fater—REAITs 1);

3. fIREEIE: start = AV RV F  (BRBASGETRE, 428 . BHSEAE: & — 40, 40 — P
MR start fREFR 1 ANEA NI, FHREASHIPES one-shot IS [ HHE) |
—— P AR AR Y B R SR B TH G Y change ikl (FRREABIRBERD , E2%
4.3 B 1T/ (1 reset WIAINE) o M5EHE done FRREIM R R T—4 G
R change B equal FERINHAR) , H6IF2 A change JRE—HEF HIG Vo

B P ER BUREURM) . DMEEL 1.25Hz = 520N = 512/1.25 = 409.6
1 = 4G ~ 205 FaFE—k (512/(2 x 205) = 1.2488Hz v 4] 1.25Hz ). 4

o —WUNEIHE+ Equalsi6 (LY 204) @ #F] 204 shBEIRM tick I [IREEE (tick A
RIHAR reset) —— [ 45 205 45— fARM J;

o T IERE (LIEMIN!): b tick BRI, Wi blink;

11




COMSM1302 Lab Sheet 4 #Hfi# 4 A%k (TRAFFIC LIGHTS)

o UZEHA: EAMENIB— (change AR, B TALRSHEEEAEMRL ) 10 T EaRaths
1. /et inF—R i 0.4 MHBaIAsC

IRARATRE BRI :

R = G, R = AV (F Ablink), 4105 = R.

eplEe2 (Logisim FERE% 512Hz, Simulate — Auto-Tick): #%— N%#l — == 472 7
L BT, 47 15 MERRERIRP (JE5%) ;s 4 5 MMEREI&R. B ME T —M T A Vo

Foft 1l one-hot i A — 3 AL ARG P8 IR A8 ] a7 22 2 {#1E fz4i% (00,01,10,11), one-hot
A 4 E—ALERE, (BK:

o ToRREEBEAGRH: B A% vs. TEMIFRE TFARAS ) AR AR
o B FEA: REEAITTHEE DR, A G (B MIBEISIT 2-to-4 FI5E) ;

o BB ALY R KA MUX IR, FRERAT DA th——FPGA T H & %2 A FHR R
i one-hot.,

REVRIERGEGHER TEike) #2 (28 -4 = 12 [AdB8E) . Frbl 4.2 WA RBERE
FETRE BRSO EE. BREEIR: BT ARG G D2 — B FSM RYRE i ar 2k
PLC, T4%4ll — one-shot — jRFEHE + FHiFdR ) HUEZLBLIRTEA Lab ZHHY— MK,

~N

12



COMSM1302 Lab Sheet 4 5 A BibgR: AR
A fitek: HER
A.1 CMOS [ MassH
W | | A
NOT P 1p + In
NAND 4 2p Bk + 2n FRE
NOR 4 2p I 4 2n AFH
AND 6 NAND + NOT
OR 6 NOR + NOT
A.2 K Lab W& A FER
itk | iR
Mealy one-shot | Syew = in; out =S Ain
SR G =t rise = in A=S; fall = —in A S
PR ET Y next = reset?0 : load 7 in : inc? out+1 : out
one-hot, #iE Spew = (change A S;—1) V (mchange A S;)
TS L equal = N\, —(a; & b;)
EEE st inc = start A —equal; done = start A equal
S5k #ill = AV (F Ablink)
A3 IFHIRHE (Kiik 512Hz)
Fok W B
I 2 F) 2 x 512 1024
AP 15 7 15 x 512 7680
P 5 5% 512 2560
P4 1.25Hz -EH | 512/(2 x 1.25) = 204.8 | = 205
A4 BEER
« COMSM1302 %5 PYii ke (1F R an B (7 4 IR R I \Moore  Mealy #. 55 i85 HL CMOS),

University of Bristol.

e Logisim Library Reference

)

Transistor (p % gate= 0 Eif. n B gate= 1 il A H

e Nisan & Schocken, The Elements of Computing Systems (nand2tetris), Ch. 3——PC (F£z{

APEGE) AR

o Harris & Harris, Digital Design and Computer Architecture——CMOS ##i. FSM jRREFw G

(binary vs. one-hot) .
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