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Test 11 Solution

1. (30 points) A MSP430 microcontroller system is using a 32KHz crystal connected to the
LFXT1 Oscillator, an 8MHz crystal connected to the XT2 Oscillator, and a 3V power supply.
See Appendix (pages 6-9) for necessary information.

Datasheet specifications:

freet+1 / frset = 1.65, 4 Nominal period
foco+1 / foco = 1.12, fococLk (1/frequency) for a
DCOR: use internal Rosc aiven Rsel

41
LH

i

Set the following modes of operation (If the bit can be either 0 or 1, put d):

a) (10 points) processor clock (MCLK) to 2 MHz, ACLK to 16 KHz, SMCLK to 180 KHz.

BCSCTLL: 0 0 0 1 0 0 0 1
XT20ff XTS DIVA.1  DIVAO XT5V Rsel2 Rsell Rsel0
BCSCTL2: 1 0 1 0 0 0 0 0

SELM.1 SELM.0 DIVM.1 DIVM.0 SELS DIVS.1 DIVS.0 DCOR

DCOCTL: 0 1 1 0 0 0 0 0

DCO.2 DCO.1 DCO.0 MOD.4 MOD.3 MOD.2 MOD.1  MOD.0

b) (10 points) processor clock to 590 KHz, SMCLK to 295 KHz, and ACLK to 4 KHz.

BCSCTLL: 1 0 1 1 0 0 1 1

XT20ff XTS DIVA1 DIVAO XT5V Rsel2 Rsell Rsel0

BCSCTL2: 0 d 0 0 0 0 1 0

SELM.1 SELM.0 DIVM.1 DIVM.0 SELS DIVS.1 DIVS.0 DCOR

DCOCTL: 1 0 1 0 0 0 0 0

DCO.2 DCO.1 DCO.0 MOD.4 MOD.3 MOD.2 MOD.1  MOD.0



c) (10 points) What should be the value of MOD if MCLK needs to be set to 2.6 MHz for the system that
doesn’t use external oscillators (uses only DCO)? Give values for Rsel, DCO, and MOD. Show how
you came up with the result. [Hint: use the formula T=((32-MOD)*Tpco + MOD*Tpco+1)/32]

DCOg;3 = 2.0 MHz Tocosz= 500 ns
DCOg, = 1.12*2.0 MHz = 2.24 MHz Tocoss = 446 ns
DCOgs = 1.12*2.24 MHz = 2.5088 MHz Tocoes = 399 ns
DCO% =1.12*2.5088 MHz = 2.80 MHz Tocoss = 356 ns

1 _ (82-MOD)Tye, +MODTyeo,

32
_ (32-MOD)399ns + MOD356ns

32
12320ns = 12736ns — 399nsMOD + MOD 356ns
-416ns = MOD-43ns
MOD =416/43 = 10
RSEL =6
RSEL =5

385ns

2. (45 points) Using given memory components, design a memory subsystem for an
MC68000-based microcomputer system with the following characteristics:
a. 128 KB of supervisor program memory (EPROM) residing at address $00 0000
b. 128 KB of supervisor data memory (out of 16K RAM) residing in the consecutive
address window, and
c. 64 KB of user program/data memory (out of 32K RAM) beginning at the address $08
0000.

Use LS138 decoder(s) (3 to 8) plus any other logic gates for address decoding, and generate:
e Address decoding signals (CS*)
e Control signals (WE*, OE*)

Use FCO-FC2 signals to make sure that memory is properly accessed. Make sure that the 68000 has
access to user program and data space in supervisor mode.

Function Code Output

EFC2 FC1 FCO Processor Cycle Type
0 0 0 Undefined, reserved ]
0 0 1 User data —
0 1 0 User program — 5
0 1 1 Undefined, reserved —_9
1 0 0 Undefined, reserved
1 0 1 Supervisor data
1 1 0 Supervisor program
1 1 1 CPU space (interrupt acknowledge)




A0 DO
D1
Al4 D2
EPROM 23
32kxg8 >
D5
CE* D6
OE* D7
A0 DO
D1
Al4 D2
EPROM 23
32kxg >
D5
CE* D6
OE* D7
AO DO |
D1 |
A13 D2 |
RAM 23]
16Kkx8 ¢
WE* D5 ¢
CE* D6 ¢
OE* D7 ¢
A0 DO
D1
Al13 D2
RAM b3
16kxgs >
WE* D5
CE* D6
OE* D7
A0 DO
D1 ;
Al3 D2
RAM 23]
16Kx8 2|
WE* D5 ¢
CE* D6
OE* D7

A0 DO
D1
Ald D2
EPROM 23
32kxg8 >
D5
CE* D6
OE* D7
A0 DO
D1
Al4 D2
EPROM 22
32kxg8 >
D5
CE* D6
OE* D7
A0 DO
D1
Al13 D2
RAM 3
16Kkxg *
WE* D5
CE* D6
OE* D7 ¢
A0 DO
D1
Al3 D2 ¢
RAM b3 1
16Kx8 ']
WE* D5 1
CE* D6 1
OE* D7 ¢
A0 DO
D1 1
Al13 D2
RAM 23]
16Kx8 %]
WE* D5 ¢
CE* D6 1
OE* D7




A0

DO

D1 |
A13 D2 |
D3 |
RAM o4
16Kx8 ‘
WE* D5 |
CE* D6 |
OE* D7 |
A0 DO
D1
Al4 D2
D3
RAM o4
32Kx8
WE* D5

CE*
OE*

D6
D7

A0 DO ¢
D1 ¢
Al3 D2 ¢
RAM D3 1
16Kx8 %]
WE* D5 ¢
CE* D6 ¢
OE* D7 ¢
A0 DO
D1
Ald D2
RAM 3
32kxg
WE* D5
CE* D6
OE* D7




3. (20 points) A microcontroller system operates with a system frequency of 200 Hz (repeat
the following sequence: a/d conversion, process data, real-time clock, idle). What is the expected
system operation time if the system is supplied with 720mAh capacity battery? The power
consumption of different components is:

e Analog interface circuit 1 mA, cycle operation time - 300 ps.

e Microcontroller in active mode 420 A, cycle processing time:

e 50 pus with probability 25%

75 us with probability 50%

140 ps with probability 25%

Microcontroller in idle mode 1.8 pA.

Real Time Clock 300 pA, cycle operation time - 90 ps.

e LCD display 20 pA, always active.

T=1/200 Hz=5ms
Ta=(0.25*50us + 0.5* 75 us + 0.25 * 140 us) = 85 us

TiopLe=T =Ta =5000 us — 85 us =4915 us

I, =1000uA—20%  450ua_89US 1 gua 29SS  angua 0US L 50ua2000U8 _ gy 31a
5000us 5000us 5000us 5000us 5000us
720mAh
= 7634.45h = 318.1days
94.31uA
4. (1 point) The ability to use different addressing modes for both source and destination is referred
to as instruction ___orthogonality .
5. (2 points) The MSP430 supports __seven__addressing modes for source operands and ___ four__

addressing modes for destination operands..

6. (2 points) ___ Register__and immediate__ are two addressing modes used in the MSP430.



Appendix

PARAMETER TEST CONDITIONS MIN NOM MAX UNIT
Rsel =0, DCO = 3, MOD = 0, DCOR = 0, Ty = 25°C Voo = 2.2V 0.08 0.12 015
fiocoos) — = MHz
: : Vop=a3V 0.08 0.13 0.16
Rgel =1, DCO =3 MOD=10,DCOR =0, Tg = 25°C Voo=22V 0.14 0.19 0.2%
fioco1a) - - - MHz
m=aw 014 0.18 0.22
Rse =2, DCO =3, MOD = 0, DCOR =0, Ta, = 25°C Voo = 2.2y 0.22 0.30 036
fincoza) — - - MHz
: - Voo =3V 0.22 0.28 0.34
. Rgel =3 DCO =3, MOD =0, DCOR =0, Ta = 25°C Voo =22V 0.37 0.49 oso|
(Dcoas) V=3V 037 047 056 :
Rgel =4, DCO =3 MOD=0 DCOR =0, Ty = 25°C V=22V 0.61 077 092
fioco43) - — — - hHz
Voo =3V 0.61 0.75 0.90
Rsel = 5 DCO =3, MOD = 0, DCOR =0, Ty = 25°C Voo =22V 1 1.2 1.5
fiocosa) IMHz
' - Voo =3V 1 1.3 1.5
Rsel =6 DCO =3, MOD = 0, DCOR =0, Ty = 25°C Voo = 2.2V 1.6 1.0 2.2
fioco63) — - . MHz
Voo =3V 1.69 2.0 2.29
Rge =7, DCO =3, MOD = 0, DCOR =0, Tp, = 25°C Voo = 2.2V 2.4 2.9 2.4
fincora) IHz
' : Voo =3V 2.7 3.2 366
. R - . . vy | DO focodo  Dco4o
finco4T) Rsel =4, DGO = 7, MOD = 0, DCOR = 0, Ty, = 25°C co=22way [ DCOM0 TDEOAN TDCOAT
f Rga =7, DCO =7, MOD = 0, DCOR =0, Ty, = 25°C .c=22V A e Sl R
r ) Y =1, » =1, :|_|_ ; :|_|_ = _\' 2
(DCOTT) sel A Vop=3Y 4.4 4.9 54
S(Rsel) SR =TRsal+1 /TRsel Vo =22VIEBV 1.35 165 2
Snco) Spco =fpco+1/ foco Voo =22V 1.07 1.12 1.16
D Temperature drift, Rgg) =4, DCO =3, MOD =0 Vpp=22V —0.31 028 0401 .
t (see Mote 30) Voo =3V 033  -028 043 |
Drift with V¢ variation, Rge| = 4, DCO = 3, MOD =0 . i N
Dy (see Nole 30] cC=22WIEY 0 5 10| %
- - DIVA
2
LFXT1CLK
N | M, 12, 14, 18 | ACLK
V Auxiliary Clock
OscOff  XTS ACLKGEN
XIN LFXT1 Oscillator
= s
— | High Frequency
XT1 Oscillator, XTS =1
- SELM  DIVM CPUOff
xout Low Power /I/ 2 2
LF Oscillator, XTS =0 — 3
0.1 i, 12, 14, I8, OFf MGLK
XT2CLK - Main System
o 2
D MCLKGEN  Clock
XT20f
XT2IN
 —
> — ¥ T2 Oscillator
XT20UT
Voo V(tc Rsel
DGO MOD SELS DIVS  SCG1
e /_."\_\SCGU
s b T I A5 ocou :
; 0 Digital Controlled Oscillator DCO 0
0 enerator Modulator MOD I Clac;( yatem
P2.5/Rosc 1 — DCGEN DCOMOD SMCLKGEN
#— DCOR
F 3 — — —
h 4
I ¥ “—» —— The DCO generator is connected to pin P2.5/Rosc if DOOR control bit is set
The port pin P2.5/Rosc is selected if DCOR control bit is reset (initial state).




foco

10000 kHE —t—

RSEL=7

_'_,—I_'_'_‘_Ii RSEL=6
_'_,_l_'_! RSEL=5
_'_,_|—'_‘_‘_'7 RSEL=4
1000 kHz ——_._,_l_'_,_'_’i RSEL=3
_'_,_l_'_‘_; RSEL=2

RSEL=1
_'_'_‘_|—‘_': N

7.5 Basic Clock Module Control Registers

The Basic Clock Module is configured using control registers DCH
BCSCTLT, and BCSCTLZ, and four kits from the CPLU status register; S
SCGE0, QscOff, and CPUOFF. User software can modify these control
redgisters from their default condition at any time. The Basic Clock Module
control registers are located in the byte-wide peripheral map and should be
accessed with byte (L B) instructions.

Register Short Form  Registar Type Address  Initial Stata
DCO contral DCOCTL Readwrite 0s6h 0E0h
register

Basic clock BCSCTLA Readwrite 057h 084h
system control 1

Basic clock BCSCTLZ Read write 058h reset

system control 1



Digitally-Controlled Oscillator (DCO) Clock-Frequency Control
DCOCTL is loaded with a value of G&0h with o valid PUC condition.
T 0

DCOCTL

056h DCO.Z|DCOA| DSo.0 ) MOD4 | MOD.3 | MOD.2| MOD.1 IMOD.O

rw—0 rw—1 w1 rw—L0 re—0 rw—0  pe=0 rw—i

MOOW0D . MOD4: The MOD constant defines how often the discrete
frequency fooo4q 5 used within a period of 32 DCOCLK cycles.
Dwring the remaining clock cycles (32-MO0O) the discrete frequency
focoisused. Whenthe DCOconstantis setto seven, no modulation is
possible since the highest feasible frequency has then beenselzcted.

OO0 D202 The DCO constant defineswhich one of the gight discrete
frequencies is selected. The frequency is defined kv the current
injected into the do generator,

7.5.2 Oscillator and Clock Control Register

BCSCTLY is affected by a valid PUC or POR condition.
7 0

BCSCTLA

057h KT2Of | XTS] DIWVAT ] DIVAD] XTSY] Rsel2 | Rsel. 1] Rsel.0

rw—i10 P00 re—(0)  re—i0) re—0 re—=1  re-0  re=0

Bitd to BitZ: The internal resistor is selected in sight different steps.
Fsel0to Rsel.2 The value of the resistor defines the nominal frequency.
The lowest nominal frequenacy is selected by setting Rsel=0.

Bit3, XTS5V  XT5 should always be reset.

Bitd to BitS:  The selected source for ACLK is divided by

Clva =0 1
Clva=1: 2
Clva =2 4
Clva =3 &
BitG, XT=: The LFXT1 oscillator operates with a low-frequency clock
crystal or with a high-frequency crystal:
KTs=0: The low-frequency oscillator is selected.
xKTs=1. The high-frequency oscillator is selected.

The cscillator selection must meet the external crystal's cperating condition.

Bit7, XT2Off. The XTZ2 oscillator is switchad on or off:
KT20ff =00 the oscillator is on
KT20ff =1: the oscillator is off if it is not used for MCLK or SMCLE.

BCSCTLZ is affected by a valid FUC or POR condition.



¥ 0

BCSCTLZ
058h

SELM.1 | SELMODINVMAL DIVMO| SELS) DIVSA| DVS.0] DCOR

rw—(0 rw—( 07 re—(0) =00 w0 re=0 rw—0 rw—0

BitD, DCOR:

The DCOR hit selects the resistor for injecting current into the

de generator. Based on this current, the oscillator operates if
activated.
DCOR =100 Internal resistor on, the oscillator can operate. The fail-

safe mode is on.

DCOR = 1. Internal resistor off, the current must be injected

Bit1, Bit2:

externally if the DCO output drives any clock using
the DCOCLE.

The selected source for SMCLK is divided by:

Civel .. DIVs.0 DIVs =01

Bit3, SELS!

Bitd, Bit5:

Dvs=1:2
DIvVs =24
DIvVs =28
Selects the source for generating SMCLK:
SELS =10 Use the DCOCLK
SELS =1 Use the XTZCLK signal (in three-cscillator systems)

or
LEXT1CLE signal {in two-oscillator systems)

The selected source for MCLK is divided by:

Civido . DIVMA DIV =001

Bits, Bit7:

DIVIM =1: 2
DIVM = 2: 4
DIVM = 3: 8

Selects the source for generating MO LK

SELM.O .. SELM.1 SELM =0: Use the DCOCLK

SELIM =1: Use the DCOCLEK

SELM =2 Use the XT2CLE (x13x% and ®14x devices) or
Lsethe LEETTCLE (1w and x12xx devices)

SELM = 3: Use the LFXT1CLK
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