
CHAPTER SEVEN 

Transistor- Transistor 
logic (TTL) 

Digital Electronics. 
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Introduction 

1. Increased fan-out. 

2. Improved transient response. 

3. Reduction in chip area. 

4. Inclusion of an active pull-up circuits  

Diode-Transistor Logic Transistor-Transistor Logic 

The TTL circuits provide 
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IV

For  ILI VV  QI is sat& Q1 is FA 

VVIH 6.0

Q1(sat) 
For  

   satVsatVVV ICEBEIHI ,1, 

Q1 is sat  satVV CEOL   satVV CEOL 

Basic TTL Inverter 

OVOV

CCV

BR
CR

OV

IV
1Q

IQ

BI

VVIL 5.0

CCOH VV 
Q1(off) 

   satVFAVVV ICEBEILI ,1, For  

For typical values of RB, IB 
is in mA, QI is sat. B

IIBECC

B
R

VVV
I




,

CCOH VV   ILICEBE VsatVV  ,1,

BE of QI is 
forward-biased  

Q1 is cut-off 

IHI VV For  BE of QI is reverse-biased 

Inverse-active mode (RB)  
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Basic TTL Inverter 

OV

CCV

BR
CR

OV

IV
1Q

IQ

BI

CEV

CCV





BR
CR

OV

IV

1Q

The input and level-shifting diodes are replaced by QI 

The QI BJT requires less area than the two  diodes 
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Stored-Charge Removal in TTL 

cct’s. 

CEV

CCV





BR
CR

OV

1INV

1Q
ID

LD

DR
CB 

 

D

BE

SCR
R

satV
I

1,


DTL 

OV

CCV

BR
CR

OV

IV
1Q

IQ

BI
TTL 

CB 

When VI changes from High (VIH) to Low (VIL),  Q1 is switched from 
saturation to cut-off, the stored base charges in CB must be 
removed. 

 satVVV BECIC B 1,,     satVVFAVVVV BEILIBEICIBIBC 1,,,,,  VV IBC 1.0, 
BC junction of QI is slightly 
forward-biased but insufficient to 
saturate QI  QI is F.A. 

   







 


B

CEIBECC

FIC
R

satVFAVV
I

1,,

, 
Discharge current IC,I 
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 Example 

Calculate the improvement factor in 
stored charge removal for TTL over DTL 
circuits assuming: 

 Solution 

Stored-Charge Removal in TTL 

cct’s. 

VCE(sat)=0.2V, VBE(FA)=0.7V, VBE(sat)=0.8V, 
VCC=5V,RB=2kΩ, RD=5kΩ, and βF=50. 

OV

CCV

BR
CR

OV

IV
1Q

IQ

BI
TTL 

 
mA

R

satV
I

D

BE

SCR 16.0
5

8.01,
In DTL 

In TTL 
   








 








 


2

2.07.05
50

1,,

,

B

CEIBECC

FIC
R

satVFAVV
I 

mAI IC 5.102,  Improvement factor= 640.6 
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Basic TTL NAND Gate 

CCOH VV 

 satVV CEO 

If at least one input is less than VIL, then 
the Q1 is off. 

Multiple-emitter BJT requires much less chip area than using 
individual transistors for each input 

OV

CCV

BR
CR

OV

1INV
1Q

IQ

BI

2INV

INKV

If all inputs are greater than VIH, then the 
Q1 is sat. 
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Standard TTL NAND Gate 

With Totem Pole Output 

OV

CCV

BR CR

1INV

SQ

IQ

2INV

1D
2D

CPR

PQ

OQ

DR

CCP RR  1.0

EQC

Load  

Capacitance 

In basic  TTL: CEQ is 
charged through RC  

EQC CR 

In standard  TTL: CEQ 
is charged through RCP  

Initial charge current 

 

C

CECC
i

R

satVV
I




EQCP CR 

Initial charge current 

     

CP

OCEPCEDCC

i
R

satVsatVONVV
I

,, 


Since RCP << RC, standard TTL has much smaller rise time 
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Standard TTL NAND Gate 

With Totem Pole Output 

OV

CCV

BR CR

1INV

SQ

IQ

2INV

1D
2D

CPR

PQ

OQ

DR

CCP RR  1.0

EQC

Load  

Capacitance 

Function of QS: 

It is a driver splitter 

Provides base-current 
to QO 

Pull-down of QP. 

Shifts the transition 
region of VTC from 
(0.5-0.6)V to (1.2-
1.4)V to enhance the 
noise margin 

QP is cut-off 

When QO is sat,  QS is 
also sat, and 

   

   satVONV

satVsatVV

OCED

OBESCEPBE

,

,,

         

,





QS drives only either QP  
(FA) or QO into sat 
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Standard TTL NAND Gate 

With Totem Pole Output 

OV

CCV

BR CR

1INV

SQ

IQ

2INV

1D
2D

CPR

PQ

OQ

DR

CCP RR  1.0

EQC

Load  

Capacitance 

Function of RD: 

In basic TTL, the stored 
charge of QO is 
removed by QI.  

 

In STTL, QI no longer 
sinks the base current 
of QO, Therefore, this 
removal is done by RD 
since QO is not heavily 
sat. 
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Standard TTL NAND Gate 

With Totem Pole Output 

OV

CCV

BR CR

1INV

SQ

IQ

2INV

1D
2D

CPR

PQ

OQ

DR

CCP RR  1.0

EQC

Load  

Capacitance 

Function of D1 & D2: 

The clamping diodes 
are used to limit the 
negative swing of the 
input voltages to one 
diode drop below 
ground 
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Standard TTL VTC 

OV

CCV

BR CR

IV

SQ

IQ

1D

CPR

PQ

OQ

DR

OHV

When VIN is low: 

 







 


B

ILIBECC

IB
R

VsatVV
I

,

,

The collector current ICI of QI is 

  IBFSCRSBIC III ,,, 

Therefore, QI is sat. 

   FAVsatVVV SBEICEILSB ,,, 

QS and QO are off. 

   ONVFAVVV DPBECCOH  ,

(Neglecting IBP.) 

   

  MFC

DPBECC

IBP
RR

ONVFAVV
I






1

,

,

 M10
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OV

CCV

BR CR

IV

SQ

IQ

1D

CPR

PQ

OQ

DR

ILV

As VI increases to : 

   FAVsatVV SBEICEI ,, 

Qs starts conducting 

   satVFAVV ICESBEIL ,, 

As VI increases further to : 

     FAVFAVsatVV OBESBEICEI ,,, 

QO becomes FA 

 QI & QS are ON, QO is OFF 

   satVFAVV ICEBEIB ,2 

VIB is called Input Breakpoint Voltage 

VOB is the output voltage that corresponds  VIB can be found just as QO turns ON. 
 

D

OBE

RDRC
R

FAV
II

,
    ONVFAVIRVV DPBERCCCCOB  ,

Standard TTL VTC 
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OV

CCV

BR CR

IV

SQ

IQ

1D

CPR

PQ

OQ

DR

IHV

QO and QS are sat when 

   satVFAVV ICESBEIL ,, 

   satVsatVV ICEBEIH ,2 

 satVV OCEOL ,

     satVsatVsatVV OBESBEICEI ,,, 

Standard TTL VTC 
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 Example 
Plot the VTC of standard 
TTL circuits assuming: 

 Solution 

VCE(sat)=0.2V, VBE(FA)=0.7V, 
VBE(sat)=0.8V, VCC=5V, 
RB=4kΩ, RC=1.6kΩ, RCP=100Ω, 
RD=1kΩ, and βF=100. 

Standard TTL VTC 

OV

CCV

BR CR

IV

SQ

IQ

1D

CPR

PQ

OQ

DR

VVOH 6.34.15 

VVIL 5.07.02.0 

VVIB 2.14.12.0 

V

VOB

48.2     

4.16.1
1

7.0
5





VVOL 2.0
VVIL 5.0

VVOH 6.3

VVIH 4.1

IV

QO , QS (off) 

QO, QS(sat) 
VVOL 2.0

OV

VVOB 48.2

QS turns ON 

QO turns ON 

VVIB 2.1
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TTL SPICE Simulation 

 Example 

*Repeat the last example using 
PSPICE 

 
*Plot VO as a function of VI  
 
*Refer to pages 93-94 in the text 

book. 
OV

CCV

BR CR

IV

SQ

IQ

1D

CPR

PQ

OQ

DR
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TTL Fan-Out 
When the output is high, IIL is negligible. 

Therefore, Fan-out depends on the output low state 

IL

OL

I

I
M 

?

   

B

OCEBECC

RBEIIL
R

satVsatVV
III






,

For the input low state, QI is sat 
and QS is cut-off 

 0 BSCI II

Input current low IIL OV

CCV

CPR

PQ

OQ

M

1ILI

ILMI

2ILI
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Output current low IOL 

 satII OCOL ,

 satII BOFOLOL 

 
   

C

OBESCECC

CS
R

satVsatVV
satI

,, 


Since the output QP 
and  DL are cut-off 

 
 

D

OBE

ESBO
R

satV
satII

,


     satIsatIsatI BSCSES 

     
     








 


B

OBESBEIBCCC

RBIRBS
R

satVsatVRAVV
KIKsatI

,,,
11 

           RAIKRAIRAIKRAIsatIRAI BIRBIEIBIBSCI  

BR

1INV

IQ

BI

2INV

INKV

CI
EIIK 

TTL Fan-Out 

OV

OQ

M

1ILI

ILMI

2ILI
 satIBO
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 Example 

Calculate the maximum fan-out of TTL circuits 
assuming: 

 Solution 

TTL Fan-Out 

VCE(sat)=0.2V, VBE(FA)=0.7V, VBE(sat)=0.8V, 
VCC=5V,RB=4kΩ, RC=1.6kΩ, RCP=120Ω, 
RD=1kΩ, βF=25, βR=0.1, and σOL=0.85 

mAI IL 1
4

2.08.05





    mAsatIBS 743.0
4

6.17.05
1.011 







 
   mAsatICS 5.2

6.1

8.02.05





  mAsatIES 243.35.2743.0  mAIBO 443.2
1

8.0
243.3  9.51443.22585.0 OLI

51M
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Output high current supplied (ICC(H)) 
For High output,Input is low (VCE(sat)) 

TTL Power-Dissipation 

Since QS is cut-off, and IBP is very small 

 
   

B

OCEBECC

RBCC
R

satVsatVV
IOHI

,


BR

IV

OQ

IQ

CCV
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Output low current supplied (ICC(L)) 
For Low output,Input is High 

     RAIsatIOLI RBRCCC 

TTL Power-Dissipation 

OV

CCV
CR

 satQS

 satQO

DR

BR

IQ

 
   

C

BESCECC

RC
R

satVsatVV
satI

0,, 


 
   

B

BEIBCCC

RB
R

satVRAVV
RAI

2, 
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 Example 
Calculate the average dissipated power 
of standard TTL circuits assuming: 

 Solution 

VCE(sat)=0.2V, VBE(FA)=0.7V, 
VBE(sat)=0.8V, VCC=5V, 
RB=4kΩ, RC=1.6kΩ, RCP=100Ω, 
RD=1kΩ, and βF=100. 

TTL Power-Dissipation 

  mAIOHI RBCC 1
4

2.08.05





 

mA

OLICC

175.3675.05.2              

4

6.17.05

6.1

8.02.05









  mWavgPCC 44.105175.45.0 
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Open Collector TTL 

OV

CCV

BR CR

1INV

SQ

IQ

2INV

1D
2D

OQ

DR

This is used when multiple output 
gates must be ANDed 

CPR

PQ

This is accomplished by using 
single pull-resistor with open 
collector TTL gates ‘Wired-AND‘ 

Gate 1 

Gate 2 Gate X 

R

CCV
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Low Power TTL (LTTL) 

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ

DR

This is achieved by increasing 
resistor values by one order of 
magnitude 

CPR

PQ

BR CR

 

 OHI

OLI

CC

CC &  OLICC

 avgPCC

Disadvantages: 
1. Fan-Out decreases (refer to slides 16 &17) 

2. Switching speed decreases (transient 
response gets longer) 

Trade off exists between power 
dissipation and transient response 
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Low Power TTL (LTTL) 

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ

DR

CPR

PQ

RB=4kΩ, RC=1.6kΩ, 
 RCP=100Ω,RD=1kΩ 

 Previous example 

RB=40kΩ, RC=20 kΩ, 
RCP=500Ω,RD=12kΩ 

 Example 

  mWavgPCC 44.10

  mAIOHI RBCC 1.0
40

2.08.05





  mAOLICC 268.0
40

6.17.05

20

8.02.05








  mWavgPCC 919.05368.05.0 
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High Speed TTL (HTTL) 

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ

DR

 Using smaller resistances increases 
the switching speeds 

CPR

PQ
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 Using Darlington pair (QP1, QP2) 
instead of QP increases the charging 
current of the load capacitance 

 REP is used as a discharge path for 
the base of QP2. 

CPR

2PQ
1PQ

EPR

High Speed TTL (HTTL) 

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ

DR

 Using smaller resistances increases 
the switching speeds 
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CPR

2PQ
1PQ

EPR

High Speed TTL (HTTL) 

OV

CCV

BR CR

1INV

SQ

IQ

1D

OQ

DR

Example (Prob. 7.18 
Plot the VTC of the HTTL 
circuits assuming: 

 Solution 

VCE(sat)=0.2V, VBE(FA)= VBC(RA)= 0.7V, 
VBE(sat)=0.8V, VCC=5V, 
RB=2.8kΩ, RC=760Ω, RCP=58Ω, 
REP=4kΩ,  
RD=470Ω, and βF=70. 

Refer to lecture class 
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 HW #7:Solve Problems:7.1 , 7.5, 7.6, 

7.9,7.11,     and 7.12 
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ILV

OHV

IHV

IV

QO , QS (off) 

QO, QS(sat) 

OLV

OV

OBV

QS turns ON 

QO turns ON 

IBV


