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Microcontroller instructions

The microcontroller contains eight general purpose registers Sn, where n = 0, 1, 2 ... 7.
The microcontroller has an eight bit input port, I, an eight bit output port, Q, and an analogue input, 
ADC.

In the table of assembler instructions given below, Sd is the destination register and Ss the source 
register.

assembler function

MOVI Sd,n Copy the byte n into register Sd

MOV Sd,Ss Copy the byte from Ss to Sd

ADD Sd,Ss Add the byte in Ss to the byte in Sd and store the result in Sd

SUB Sd,Ss Subtract the byte in Ss from the byte in Sd and store the result in Sd

AND Sd,Ss Logical AND the byte in Ss with the byte in Sd and store the result in Sd

EOR Sd,Ss Logical EOR the byte in Ss with the byte in Sd and store the result in Sd

INC Sd Add 1 to Sd

DEC Sd Subtract 1 from Sd

IN Sd,I Copy the byte at the input port into Sd

OUT Q,Ss Copy the byte in Ss to the output port

JP e Jump to label e 

JZ e Jump to label e if the result of the last ADD, SUB, AND, EOR, INC, DEC, SHL or 
SHR was zero

JNZ e Jump to label e if the result of the last ADD, SUB, AND, EOR, INC, DEC SHL or 
SHR was not zero

RCALL s Push the program counter onto the stack to store the return address and then jump 
to label s

RET Pop the program counter from the stack to return to the place the subroutine was 
called from

SHL Sd Shift the byte in Sd one bit left putting a 0 into the lsb

SHR Sd Shift the byte in Sd one bit right putting a 0 into the msb

There are three subroutines provided:
• readtable – copies the byte in the lookup table pointed at by S7 into S0. The lookup table is labelled 

table: When S7=0 the first byte from the table is returned in S0
• wait1ms – waits 1ms before returning
• readadc – returns a byte in S0 proportional to the voltage at ADC
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Datasheet

resistance R = 
V
I

power P = VI

series resistors R = R1 + R2

time constant τ = RC

monostable pulse time T = 0.7RC

relaxation oscillator period T = 0.5RC

frequency f = 
1

 T

voltage gain G =
 

Vout
Vin

open-loop op-amp Vout = A(V+ – V–)

non-inverting amplifier gain G = 1 +
Rf
Rd

inverting amplifier gain G = –
 

Rf
Rin

summing amplifier –
Vout
Rf  

= 
V1
R1  

+ 
V2
R2  

…

 
break frequency f0 =

1
2πRC

Boolean Algebra A.A = 0 A + A = 1

  A.(B + C) = A.B + A.C

 A.B = A + B A + B = A.B

 A + A.B = A A.B. + A.C = A.B + A.C + B.C

amplifier gain G = –gmRd

ramp generator ΔVout = – Vin
Δt
RC
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Answer all questions.

1 Fig. 1.1 shows an incomplete MOSFET voltage follower circuit.

0 V

6.8 M

330 

output

–15 V

15 V

Fig. 1.1

 (a) The voltage at the output is –2 V. Calculate the drain-source current through the MOSFET.

 drain-source current =  ....................................................mA [4]

 (b) Draw a capacitor on Fig. 1.1 to show how an ac signal can be input to the voltage follower.
  Write ‘input’ at the input connection. [2]

 (c) Explain why voltage follower circuits are used.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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 (d) The graph below shows how the voltage at the input varies with time. Draw on the axes to 
show how the output voltage varies with time.
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 [3]

 [Total 11]
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2 Part of a circuit for controlling the temperature of a soldering iron is shown in Fig. 2.1.

0 V

15 V

–

+

heater in
soldering iron

DY
X

R

9.1 k

8.2 k 10 k

Fig. 2.1

 (a) The circuit uses a thermistor to sense the temperature of the soldering iron.
  Draw a ring around the thermistor on Fig. 2.1. [1]

 (b) Show that the voltage at R is about 7 V.

 [3]

 (c) When the soldering iron is cold the voltage at X is 3 V.
  Explain why the heater is on. Refer to the voltages in the circuit in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [4]
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 (d) (i) Explain why the temperature of the soldering iron reaches a constant average value but 
never stops changing.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [4]

  (ii) Complete the voltage-time graphs for X and Y to illustrate your answer to (d). Assume 
the graph starts when the soldering iron is switched on from cold.
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 [4]

 [Total 16]
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3 Fig. 3.1 shows a memory module.

A0

A1

A2

A3

D0

D1

D2

D3

0 V

+5 V

A4

CE
Read

Write

Fig. 3.1

 (a) Calculate the number of memory locations in the memory module.

 number of memory locations =  .......................................................... [2]

 (b) State the largest decimal number that each memory location can hold.

 largest decimal number =  .......................................................... [1]

 (c) State the voltages on each address line and control line when memory address 03 is being 
read.

  A4 = ……V      A3 = ……V      A2 = ……V      A1 = ……V      A0 = ……V
                                       
  CE = ……V       Read = ……V    Write = ……V [5]

 (d) Describe the sequence of signals required to store the decimal number 2 at memory location 
04.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [5]
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 (e) Fig. 3.2 shows a larger memory module.

A0

A1

A2

A3

D0

D1

D2

D3

0 V

+5 V

A4

A5

CE
Read

Write

Fig. 3.2

  Complete the diagram below to show how the larger memory module can be made from 
memory modules which are the same as Fig. 3.1 and logic gates.

A0

5 V

A1

A2

A3

A4

A5

0 V

D0

D1
D2

D3

Read
Write

CE

 [6]

 [Total 19]
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4 This question is about microcontrollers.

 (a) Describe what the address bus is in a microcontroller and what it is used for.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

 (b) State the location and describe the function of the program counter in a microcontroller.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [4]

 (c) Show how a 4-bit output port of a microcontroller can be made from D flip-flops. Label the 
inputs from the data bus and the outputs.

 [4]

 (d) State the function of the reset pin on a microcontroller.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 [Total 12]
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5 The circuit in Fig. 5.1 is used as part of an in-car phone charger.

+

– output to
phone charger

A
B

3.6 k

1.2 k5 V

0 V

from car
battery

Fig. 5.1

 (a) Explain why the output voltage of the circuit is 5 V when the voltage from the car battery is 
14 V. Refer to the voltages at A and B in your answer. The threshold voltage of the MOSFET is 
3 V.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [5]

 (b) Show that the current through the MOSFET is about 4 mA when there is nothing connected to 
the output of the circuit and the voltage from the car battery is 14 V.

 [2]



13

Turn over© OCR 2012

 (c) Calculate the power dissipated in the MOSFET when the voltage from the car battery is 14 V 
and there is nothing connected to the output.

 power in MOSFET =  ......................................................W [3]

 (d) Explain why the MOSFET is needed in the circuit.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (e) Suggest why the circuit only works well when the voltage from the car battery is at least 10 V.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 [Total 14]
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6 The microcontroller circuit and program in Fig. 6.1 operate the sliding doors on a train. The main 
program calls a number of subroutines to operate the train doors, LEDs and buzzer.

I0

I1

I2

I3

I4

I5

I6

I7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

M
ic

ro
co

nt
ro

lle
rdoor fully closed sensor

(closed = 1, not closed = 0)

5 V

A B

0 V

red

yellow

green

door fully open sensor
(open = 1, not open = 0)

door opener
(operate = 1)

door closer
(operate = 1)

buzzer

main: RCALL opendoor

RCALL switcha

RCALL warn

RCALL closedoor

RCALL switchb

JP main

Fig. 6.1

 (a) The subroutine opendoor opens the train doors. Explain what each part of the subroutine 
does by filling in the explanation on each line. Look at Fig. 6.1 and refer to the electronic 
devices connected to the inputs and outputs in your explanations. The first one has been 
done for you.

  Label  Instruction  Explanation

  opendoor:  MOVI S4, 88
       OUT Q, S4  turn on door opener and red LED

       MOVI S3, 40 …………………………………………………………

  loop:  IN S2, I  …………………………………………………………

       AND S2, S3 ………………………………………………………....

       JZ loop  …………………………………………………………

       MOVI S4, 08
       OUT Q, S4  …………………………………………………………

       RET   …………………………………………………………
 [6]
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 (b) The subroutine warn is shown below.

   warn: MOVI  S5, 02
   loop: MOVI  S6, 10
      OUT  Q, S5
      RCALL  wait10s
      SHL  S5
      SUB  S6, S5
      JNZ  loop
      RET

  The subroutine wait10s produces a delay of 10 seconds.

  Explain the effect of the subroutine warn on the circuit.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [4]

 (c) The subroutine switcha waits until switch A has been pressed and then returns to the main 
program. Write the code for the subroutine switcha.

  switcha: ………………………..

      ………………………..

      ………………………..

      ………………………..

      ……………………….. [5]

 (d) Write the subroutine wait10s to produce a delay of 10 seconds. You should use the 
instruction RCALL wait1ms which produces a delay of 1 ms in your code.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

 [Total 21]
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7 An engineer designs an electronic volume control for the music system in a supermarket. The 
electronic volume control circuit and the graph of the MOSFET characteristics are shown in 
Fig. 7.1.

0 V

input
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output
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47 

100
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0
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IDS / mA

VGS = 2.0 V

Fig. 7.1

 (a) Mark the drain, gate and source on the MOSFET in Fig. 7.1 with the letters D, G and S. [2]

 (b) Do a calculation to show that the resistance of the MOSFET is about 30 Ω when the voltage 
at control is 2.5 V and input is small.

 resistance of MOSFET =  ...................................................... Ω [2]

 (c) Calculate the amplitude of output when voltage at control is 2.5 V and the amplitude of input 
is 0.8 V.

 amplitude of output signal =  .......................................................V [2]

 (d) Explain what happens to output when control is reduced to 2 V without changing input.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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 (e) Explain why the electronic volume control will only work well for small input signals. Refer to 
the graph of characteristics in your answer.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (f) Explain what will happen to output when voltage at control is 2.5 V and the amplitude of 
input is increased slowly from 0.8 V to 8 V.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [4]

 [Total 14]
 Quality of Written Communication [3]



18

© OCR 2012

BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE



19

© OCR 2012

BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE



20

© OCR 2012

PLEASE DO NOT WRITE ON THIS PAGE

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders 
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright 
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible 
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE. 

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a 
department of the University of Cambridge.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


