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 TOSHIBA CMOS Digital Integrated Circuit  Silicon Monolithic 

TC9172AP,TC9227P,TC9228P 
 
High Speed PLL with Built-In Prescaler 
 
 

TC9172AP, TC9227P and TC9228P are high-speed PLL-LSI 
developed for digital tuning system use, and contain 2-modulus 
prescaler. 
 
Features 

• They contain prescaler, and can directly input the frequency 
signal of 120 MHz max. at FM band. 

• Either pulse swallow dividing type or direct dividing type can 
be applied depending upon receiving band. 

• Both high function type (DIP22 pin) and conventional type 
(DIP16 pin) are provided. 
High function type contains IF counter which counts IF signal 
at FM/AM band each and produces auto-stop signal. 

• Reference frequency is supplied from the controller LSI, and 
no crystal oscillator is required on the PLL LSI. 

• They have two phase comparator outputs, and can use two 
kinds of low pass filters without changing. 

• Abundant general purpose input-output terminals make 
possible the control of radio frequency circuit part. 

• Frequency input terminals are provided for FM and AM, 
independently. 

• IF offset can be easily controlled at FM band. 
• As serial ports are contained, control of all functions including 

frequency division number setting is performed through four serial bus lines.  
 
Pin Assignment (top view) 

TC9227P, TC9228P TC9172AP 

 

Note 1: Bracketed letters indicate TC9228P terminal name. 

 Others indicate common terminals. 

 
 TC9227P, TC9228P 

 TC9172AP 

 
Weight 
DIP22-P-400-2.54: 2.1 g (typ.) 
DIP16-P-300-2.54A: 1.0 g (typ.) 
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Version Table 

Production Name TC9172AP TC9227P TC9228P 

Package DIP16 pin DIP22 pin DIP22 pin 

Process Silicon CMOS gate 

Frequency dividing type Pulse swallow and direct dividing type 

Serial port ○ ○ ○ 

Input port  2 4 

Output port 4 6 4 

If counter  ○ ○ 

Phase comparator output 2 2 2 

Supply voltage 5 V ± 10% single power supply 

 
Block Diagram 

 

Note 2: Bracketed letters indicate TC9228P terminal name. 

    Terminal does not exist in TC9172AP. 
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Pin Function 

Pin No. Symbol Pin Name Explanation of Functions and Operations Remarks 

1, (1) NC No connection   

2, (2) REF Reference 
frequency input 

Input of reference frequency signal supplied from 
controller LSI. Bilt-in Amp. C coupling small amplitude 
operation. 

 

 
 

3, () SO Serial output 

4, (3) SI Serial input 

5, (4) CK Clock signal input 

6, (5) STB Strobe signal input 

Serial I/O ports. 

Carries out between controller the setting of frequency 
dividing number, dividing type, and the transfer of data 
for controlling IF counter, general purpose I/O ports. 

As TC9172AP has no serial output mode. 

SO terminal does not exist. 

SO terminal is P-ch open drain output, and SI, CK, 
STB terminals are Schmitt trigger inputs. 

 

 
 

7, () A-STP Auto stop input Inputs auto stop signal. It can be used as general 
purpose input port also. (TC9227P, TC9228P) 

 

 
 

8, () IFIN IF signal input 
IF signal input of IF counter to detect auto stop. Built-in 
Amp. C coupling small amplitude operation (TC9227P, 
TC9228P). 

 

 
 

9, () IN1 General purpose 
input port 

Freely usable general purpose input terminal 
(TC9227P, TC9228P) 

 

 
 

10, (6) 

OT1 

(IN2) 

(Note) 

 

 

11, (7) 

OT2 

(IN3) 

(Note) 

  

12, (8) OT3 

13, (9) OT4 

14, () OT5 

15, () OT6 

 

General purpose 
output ports 

Freely usable general purpose output terminals. 

They can be used for switching control signal output of 
radio frequency circuit. 

• TC9172AP: 4 

• TC9227P: 6 

• TC9228P: 4 

Note: In TC9228P, 10, 11 pins are indicated as input 
port. 

 

 
 

16, (10) DO2 

17, (11) DO1 

Phase comparator 
outputs 

Tri-state outputs of phase comparator. 

DO1, DO2 are parallel outputs. 

 

 
 

18, (12) TEST Test terminal 
Test mode control input. With pull-down resistance. 

Usually, used in OPEN state or GND connected. 
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Pin No. Symbol Pin Name Explanation of Functions and Operations Remarks 

19, (13) AMIN 
AM local oscillator 
signal input 

Programmable counter input at AM band. 

Built-in Amp. C coupling small amplitude operation. 

 

 
 

21, (15) FMIN 
FM local oscillator 
signal input 

Prescaler input at FM band. fmax = 120 MHz 

Built-in Amp. C coupling small amplitude operation. 

 

 
 

22, (16) VDD 

20, (14) GND 

Power supply 
terminal Supply 5 V ± 10%  

(  ): Terminal of TC9172AP 
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I/O Map 

 
• TC9227P, TC9228P I/O map 

 
PLL (1) General Purpose Output (2) I/O 

Code Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 

Programmable counter dividing type setting 
0 

HF ∆IF + 1 ∆IF − 1 FM 
 

Programmable counter dividing number setting General purpose output 
1 

P0 P1 P2 P3 OT1 OT2 OT3 OT4 

Same as above General purpose output 
2 

P4 P5 P6 P7 OT5 OT6  

Same as above 
3 

P8 P9 P10 P11 
 

Same as above 
4 

P12 P13  
 

5   

IF counter control 
6 

BUSY WIDE STOP  
 

General purpose input 

IN
P

U
T

 P
O

R
T

 (
K

) 

7 
A-STP IN1 IN2 IN3 

 

Programmable counter dividing type setting 
8 

HF ∆IF + 1 ∆IF − 1 FM 
 

Programmable counter dividing number setting General purpose output 
9 

P0 P1 P2 P3 OT1 OT2 OT3 OT4 

Same as above General purpose output 
A 

P4 P5 P6 P7 OT5 OT6  

Same as above 
B 

P8 P9 P10 P11 
 

Same as above 
C 

P12 P13  
 

REF code data 
D 

1 2 4  
 

IF counter control 
E 

START WIDE RESET  
 

Chip select code data “1” Chip select code data “2” 

O
U

T
P

U
T

 P
O

R
T

 (
L)

 

F 
1 0 0 0 0 1 0 0 
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• TC9172AP I/O map 
 

PLL (1) General Purpose Output (2) I/O 

Code Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 

0   

1   

2   

3   

4   

5   

6   

IN
P

U
T

 P
O

R
T

 (
K

) 

7   

Programmable counter dividing type setting 
8 

HF ∆IF + 1 ∆IF − 1 FM 
 

Programmable counter dividing number setting General purpose output 
9 

P0 P1 P2 P3 OT1 OT2 OT3 OT4 

Same as above 
A 

P4 P5 P6 P7 
 

Same as above 
B 

P8 P9 P10 P11 
 

Same as above 
C 

P12 P13  
 

D   

E   

Chip select code data “1” Chip select code data “2” 

O
U

T
P

U
T

 P
O

R
T

 (
L)

 

F 
1 0 0 0 0 1 0 0 

Note 3: TC9172AP contains no input port. 

 As it contains IF counter, there is no control port of it. 
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Operations 

In TC9172AP, TC9227P, TC9228P as indicated in the block diagram, each function is controlled by accessing the 
ports connected with 4 bit data bus (Y) and code bus (C). 

Each data on this data bus and code bus is conducted from the controller LSI by four terminals of SI, SO, CK, 
STB (three terminals of SI, CK, STB in the case of TC9172AP). 

As control is all made with port, explanations will be given here chiefly about the functions of each port. These 
ports are constituted with 4 bit units, and selected by 4 bit code data. Code assignment of each port is shown in I/O 
map indicated previously. On the whole, code “0H~7H” is assigned to input port, and code “8H~FH” to output port. 

Note 4: “Input port” and “Output port” mentioned here are always based on the controller LSI. 

 Thus, the port served when putting out data from controller LSI is called the output port, while the port 
(which data is taken from PLL side) to controller LSI is called the input port. 

Note 5: In this explanation, code assignment of each port is encoded as shown below. 
 

 
 

(example) φK17: General purpose input port 
 φL21: General purpose output ports OT1~OT4 

 
Programmable Counter 

Programmable counter block is composed of two modulus prescaler, 4 bit + 10 bit programmable binary 
counter, and PLL I/O ports to control the above. 

 
1. PLL I/O Ports (φφφφKL10~φφφφKL14) 

 
(1) Exclusive PLL ports to entirely control frequency dividing number, dividing type and IF correction (IF 

offset) at FM band. 
 

(2) In TC9227P, TC9228P PLL ports are entirely I/O port structure. Therefore, it is possible to take the 
set data again into the controller LSI by accessing input port. (φK10~φK14) 

 
(3) PLL port configuration 
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(4) Setting of frequency dividing type 
Selection of pulse swallow dividing type or direct dividing type is made by HF, FM ports. Make 

selection from the following three types according to the applied frequency band. 
 

HF FM Frequency Dividing Type 
Receiving Band 

Example 
Input Frequency 

Range 
Input 

Terminal 

Frequency 
Dividing 
Number 

0 0 Direct dividing LW, MW, SWL 0.5~10 MHz AMIN n 

1 0 







16

1

15

1
 pulse swallow type SWH 8~60 MHz AMIN n 

0 1 Not use     

1 1 







×

16

1

15

1

2

1
 pulse swallow type FM 50~140 MHz FMIN 2･n 

Note 6: n represents programmed frequency dividing numeral value. 
 

(5) IF offset function at FM band 
When pulse swallow dividing type is selected, it is possible to vary actual frequency dividing 

number by ±1 without changing the programmed dividing numerals by ∆IF ± 1 ports. Thus, it can be 
applied to IF offset at FM band. In the case of direct dividing type selection, IF off set function does 
not operate. 

 

∆IF + 1 ∆IF − 1 
Frequency Dividing Number 

(AT FM band) 

0 0 2･n 

0 1 2･(n − 1) 

1 0 2･(n + 1) 

1 1 2･(n − 1) 

 
(6) Setting of frequency dividing number 

Dividing number of programmable counter is set on P0~P13 ports with binary. 
 

• At pulse swallow type (14 bit) 

 

Note 7: Frequency dividing number setting range (pulse swallow type) 

 n = 210H~3FFFH (528~16383) 
 

• At direct dividing type (10 bit) 

 

Note 8: Frequency dividing number setting range (direct dividing type) 

 n = 10H~3FFH (16~1023) 
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Note 9: As the programmable counter is not provided with frequency dividing offset, the programmed 
dividing number becomes the actual frequency dividing number. However, in the case of FM 
band, the actual frequency dividing number becomes two times of programmed value. 

Note 10: In the case of direct dividing type, P0~P3 port (φL11) data become unrelated, and P4 port 
becomes LSB. 

Note 11: Frequency dividing number is entirely renewed at the time of data setting of MSB port (φL14). For 
this reason, the data of MSB port (φL14) must be set at the end of dividing number setting. 

 Even when the data setting is considered unnecessary (when the data is same as the previous 
one), the data setting must be executed for MSB port (φL14). 

 
2. Circuit Configuration of Prescaler and Programmable Counter. 

 
(1) Circuit configuration of pulse swallow dividing type 

The circuit is composed of 1/15, 1/16 2-modulus prescaler and binary programmable counter of 4 bit 
on N1 side and 10 bit on N2 side. 

In the case of FM band, 1/2 divider is added to the front stage of prescaler. 
 

 
 

(2) Circuit configuration of direct dividing type 
In this case, prescaler block is passed and N2 side counter 10 bits is used. 

 

 

 
(3) Both FMIN, AMIN terminals have built-in amp. and small amplitude operation is possible with 

capacitor coupling. 
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Phase Comparator 
Phase comparator compares the phase difference between the reference frequency signal applied to REF 

terminal and programmable counter dividing output signal, and puts out its error component. Further, it 
controls VCO through low pass filter as that the frequency and phase of these two signals may agree with each 
other. 

 
1. Two Tri-State Buffer DO1, DO2 Terminals are Put Out in Parallel from the Phase 

Comparator. For This Reason, Optimum Design of Filter Constant can be Made for 
Each of FM/AM Band. 

 
2. Reference Frequency Signal is Supplied from the Controller LSI to the REF Terminal, 

and no Crystal Oscillator is Needed on PLL LSI. 
 

3. REF Input has Built-In Amp. and Small Amplitude Operation is Possible with 
Capacitor Coupling. 

 

 

 

  
 

 
 

Shown above are indicated DO output timing chart and example of active low pass filter circuit by 
darlington connection of FET and transistor. 

 

DO Output Timing Chart Example of Active Low Pass Filter 
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IF Counter (TC9227P, TC9228P) 
TC9227P, TC9228P have IF counter which counts intermediate frequency (IF) of FM or AM during auto 

search tuning, and produces auto stop signal when that frequency has entered in the specified range. TC9172AP 
contains no IF counter. 

IF counter block is composed of 15 bit presettable counter and IF counter control ports. 
 

 
 

1. Operation of IF Counter 
IF counter counts IF signal of 10.7 MHz at FM band and 450 kHz at AM band, and its gate-time is made 

of the reference frequency signal supplied to REF input. 
 

(1) IFIN terminal has built-in amp. and is capable of making small amplitude operation with capacitor 
coupling. 

 
(2) IF counter has two kinds of detectability, WIDE/NARROW. 

 
(3) Gate time and detectability in each band are shown below. 

 
Narrow Wide 

Band 
Reference 
Frequency 

(kHz) Gate Time (ms) Detectability (Hz) Gate Time (ms) Detectability (Hz) 

LW 1 20 450 k ± 600 5.0 450 k ± 2.4 k 

SW 5 4.0 450 k ± 3 k 1.0 450 k ± 12 k 

MW 9 k 9 2.2 450 k ± 5.4 k 0.55 450 k ± 21.6 k 

MW 10 k 10 2.0 450 k ± 6 k 0.50 450 k ± 24 k 

12.5 1.6 0.4 
FM 

25 0.8 
10.7 M ± 15 k 

0.2 
10.7 M ± 60 k 
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2. IF Counter Control Output Port 
 

(1) REF code data output port (φL15) 
It sets the code data corresponding to the reference frequency which serves as time base. Never fail 

to set the code of the presently employed reference frequency signal. 
 

• Reference frequency code table 
 
 

Code Data 0 1* 2 3* 4 5 6 7 

Reference 
Frequency 1 k 50 k 5 k 100 k 9 k 10 k 12.5 k 25 k 

*: Code “1”, “3” can not use. 
 

(2) IF counter control output port (φL16) 

 
 

(3) IF counter control input port (φK16) 

 
Note 12: In the case of auto stop detection by IF counter, refer to the contents of STOP port after 

confirmation that BUSY port is “0” (counting completed). 

Note 13: IF counter cannot be used when reference frequency of 50 kHz or 100 kHz is used at FM band or 
when IF off set is carried out. 

 The same applies to the case where frequency other than 10.7 MHz and 450 kHz is used for IF 
signal. 
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General Purpose Input and Output Ports 
They have general purpose input/output terminals controlled with 4 bit units. 
However, TC9172AP has output terminals only. 

 
 

Number of Input 
Terminal 

Number of Output 
Terminal 

TC9172AP  4 

TC9227P 2 6 

TC9228P 4 4 

 
(1) General purpose output ports (φL21, φL22) 

 

Note 14: TC9172AP has no φL22 port. 

 In the case of TC9228P, OT1, OT2 ports are not output terminals. 
 

The set data is put out in positive logic. 
Output terminals are CMOS structure. In TC9227P, TC9228P general purpose output ports are 

entirely I/O ports structure. Therefore, it is possible to take the set data again into the controller side 
by accessing input ports (φK21, φK22). 

 
(2) General purpose input port (φK17) 

 

Note 15: In TC9227P, data of IN2, IN3 ports is “0”. 

 Further, TC9172AP has no general purpose input port. 

Note 16: A-STP port is for auto stop signal input use, but it can be applied to other use. 
 

Data is got in positive logic. Input terminals are CMOS structure. 
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Serial I/O Ports 
As shown previously, each port is controlled through serial ports and serial bus line. Serial ports control the 

data transfer between the serial bus line and code data bus line of IC inside. 
Number of input/output terminals of serial port is as follows: 
TC9172AP ........................... 3 terminals (SI, CK, STB), without input port. 
TC9227P, TC9228P............. 4 terminals (SO, SI, CK, STB), with input port. 
SI, CK, STB terminals contain Schmitt trigger input, and SO terminal has P-ch FET open drain output 

construction. 

Note 17: SO terminal needs external load resistance. (RL = 2 k~3 kΩ) 
 

 

Note 18: TC9172AP has no SO terminal. 
 

1. Data Transfer Format 
 

(1) Data output timing (access of output port) 

 
 

Code data (C1~C8) 4 bits of output port and output data (Y1~Y8) 4 bits are serially transferred to 
SI terminal with the timing shown above. 

SI data is read in with the rising of CK. 

Note 19: During the designation of output port, code data “C8” is “1” at all times. 
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(2) Data input timing (access of input port) 

 

 
When code data (C1~C8) 4 bits of input port is transferred to SI terminal with the above timing, the 

data of designated port is output to SO terminal with 4 bit serial of Y1~Y8. SI data is read in with the 
rising of CK signal, and SO data is output with the rising of CK signal. 

Note 20: During the designation of input port, code data “C8” is “0” at all times. 
 

2. Designation of Chip Select 
Besides PLL IC, various peripheral option ICs can be connected on the serial bus line. It is necessary, 

therefore, to designate the IC connected with controller LSI through bus line, between which data is to be 
transferred. 

Chip select code is provided to designate the controlled IC on the bus line. 
Select code for designating TC9172AP, TC9227P and TC9228P is as follows: 

• Chip select code for PLL I/O ports: 1 
• Chip select code for general purpose output ports: 2 

 
(1) Select code is set up to the chip select code data output port. (code “FH”) 

 
(2) Select code must be set up first at the time of serial data transfer. 

 
(3) Select code once set maintains the same data unless otherwise designated, and so, there is no need of 

designating select code every time serial data is transferred. 
 

3. Pulse Width of Serial Timing 
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Maximum Ratings (Ta ==== 25°C) 

Characteristics Symbol Rating Unit 

Supply voltage VDD −0.3~6.0 V 

Input voltage VIN −0.3~VDD + 0.3 V 

Power dissipation PD 300 mW 

Operating temperature Topr −30~75 °C 

Storage temperature Tstg −55~125 °C 

 
Electrical Characteristics (unless otherwise specified, Ta ==== 25°C, VDD ==== 5 V) 

Characteristics Symbol 
Test 

Circuit 
Test Condition Min Typ. Max Unit 

Operating supply voltage range VDD   * 4.5 5.0 5.5 V 

Operating supply current IDD  FMIN = 120 MHz  15 25 mA 

Note 21: * Marked characteristics are guaranteed in a range of VDD = 4.5~5.5 V, Ta = −30~75°C. 
 

Operating Frequency Range 

Characteristics Symbol 
Test 

Circuit Test Condition Min Typ. Max Unit 

FMIN fFM1 1 VIN = 0.5 Vp-p * 50 ~ 140 MHz 

FMIN fFM2 1 VIN = 0.3 Vp-p * 50 ~ 120 MHz 

AMIN (HF mode) fAMH 1 VIN = 0.3 Vp-p * 8 ~ 60 MHz 

AMIN (LF mode) fAML 1 VIN = 0.3 Vp-p * 0.5 ~ 10 MHz 

IFIN fIF  VIN = 0.3 Vp-p * 0.4 ~ 13 MHz 

REF input fREF  VIN = 0.2 Vp-p * 1 ~ 100 kHz 

Note 21: * Marked characteristics are guaranteed in a range of VDD = 4.5~5.5 V, Ta = −30~75°C. 
 

Operating Input Amplitude Range 

Characteristics Symbol 
Test 

Circuit 
Test Condition Min Typ. Max Unit 

FMIN VIN1 (FM) 1 fIN = 50~140 MHz * 0.5 ~ VDD − 
0.5 Vp-p 

FMIN VIN2 (FM) 1 fIN = 50~120 MHz * 0.3 ~ VDD − 
0.5 Vp-p 

AMIN (HF mode) VIN (AMH) 1 fIN = 8~60 MHz * 0.3 ~ VDD − 
0.5 Vp-p 

AMIN (LF mode) VIN (AML) 1 fIN = 0.5~10 MHz * 0.3 ~ VDD − 
0.5 Vp-p 

IFIN VIN (IF)  fIN = 0.4~13 MHz * 0.3 ~ VDD − 
0.5 Vp-p 

REF input VIN (REF)  fIN = 1~100 kHz * 0.2 ~ VDD Vp-p 

Note 21: * Marked characteristics are guaranteed in a range of VDD = 4.5~5.5 V, Ta = −30~75°C. 
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OT1~6, DO1~2, SO 

Characteristics Symbol 
Test 

Circuit 
Test Condition Min Typ. Max Unit 

“H” level IOH  VOH = 4V,  
SO terminal is excepted −0.5 −1.0  

Output current 

“L” level IOL  VOL = 1 V,  
SO terminal is excepted 0.5 10  

mA 

SO terminal output current ISO  VOH = 4 V −2.0 −3.0  mA 

SO terminal off leak current IOFF  VOUT = 0 V   −1.0 µA 

DO terminal tri-state leakage current ITL  VTLH = 5 V, VTLL = 0 V   ±0.5 µA 

 
IN1~3, SI, CK, STB, A-STP 

Characteristics Symbol 
Test 

Circuit 
Test Condition Min Typ. Max Unit 

“H” level IIH  VIH = 5 V   1.0 
Input current 

“L” level IIL  VIL = 0 V   −1.0 
µA 

“H” level VIH   4.0 ~ 5.0 
Input voltage 

“L” level VIL   0 ~ 1.0 
V 

 
Test Circuit 

TC9227P, TC9228P TC9172AP 
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Example for Application Circuit 

(TC9227P) 
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Package Dimensions 

 
 
Weight: 2.1 g (typ.) 
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Package Dimensions 

 
 
Weight: 1.0 g (typ.) 
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• The information contained herein is subject to change without notice. 

• The information contained herein is presented only as a guide for the applications of our products. No 
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which 
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of 
TOSHIBA or others. 

• TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor 
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical 
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of 
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of 
such TOSHIBA products could cause loss of human life, bodily injury or damage to property. 
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as 
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and 
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability 
Handbook” etc.. 

• The TOSHIBA products listed in this document are intended for usage in general electronics applications 
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, 
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires 
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or 
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or 
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, 
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this 
document shall be made at the customer’s own risk. 

• The products described in this document are subject to the foreign exchange and foreign trade laws. 

• TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced 
and sold, under any law and regulations. 

030619EBARESTRICTIONS ON PRODUCT USE 


